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Follow: ‘ 
the Eagle 


Le eagle—long the symbol 
of majesty and power— 
stands for excellence of tech- 
nical skill in transforming lead 
ore'as it comes from the mines 
into a vast number of finished 
lead and allied products. Every- 


thing painted, every machine 





that runs on bearings, every - 
home, almost every industry ~— 


benefits from Eagle-Picher tech- 
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The First Rock Drill 


It is said about 42nd Street and Broadway that 
sooner or later nearly everyone passes that way. So 
when you are in New York, be sure to come on down 
yo Hy Broadway and see Simon Ingersoll’s first rock 
We of the I-R family find this drilla daily inspiration 
in our work, and enjoy showing it in its protecting 
coat of gold leaf to our college friends. Compared 
with the “Jackhamer” of today, which is 20 times 
as powerful, the first rock drill serves as a milestone 
ye from which to measure the progress made in com- 
ee 4 | pressed air engineering during the past half-century. 

L ihe Nowadays, you will find I-R Drills and Air Compres- 
sors wherever rock is drilled, be itin New York, in the 
Orient, or in the South Sea Islands; and you will find 
an I-R representative within easy reach. You may 
possibly find that this representative comes from your 
own school. There are at least 1000 college graduates 
in the manufacturing, the sales, and the service 
branches of this world-wide organization. 


INGERSOLL-RAND COMPANY 
11 Broadway . . «+ «+ £New York City 


Offices in principal cities the world over 
For Canada Refer—Canadian Ingersoll-Rand Co., Limited, NGERSO LL- RAN D 
PRODUCTS 


260 St. James Street, Montreal, Canada 
AIR AND GAS 
COMPRESSORS 
ROCK DRILLS 
DRILL SHARPENERS 
PNEUMATIC TOOLS 
TIE TAMPERS 
CAMERON PUMPS 
VACUUM PUMPS 
CONDENSERS 
AIR LIFT PUMPS 
AIR HOISTS 
OIL & GAS ENGINES 
OIL-ELECTRIC 
LOCOMOTIVES 
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why Koehring Pavers Produce 


—dano ther reason Dominant Strength Concrete 


A peor important to the resultant strength 
| and durability of concrete is the admittance 

of an accurate amount of water into the mixing 
| drum at exactly the right instant. Long ago the 
et Koehring Company recognized this fundamental 
| requirement and set to work to devise an au- 
| tomatic water measuring system. 











ee | Today, the system is as nearly exact and accurate 
| as human ingenuity has been able to design. A 
| balanced three-way valve is automatically open- 
ed at a certain point, by the charging skip as it is 
raised, admitting the water into the mixing drum 
at exactly the right instant. The regulating 





hand wheel governs to a minute accuracy the materially acc the accuracy water measuring when 
amount of water which is to be used per batch. soomle aunher of cn Sank adul Y the sauebeemeh mn: 


All dribble is eliminated by the syphon-gravity principle 
which draws the water through a straight 314 inch 
pipe into the mixing drum. Straight flow from the tank 


to drum secures a fast, clean discharge. “Concrete—Its Manufacture and 


Use” is a 210 page treatise on the 
This is another pioneering development by Koehring uses of concrete, including 26 pages 
engineers which with the Koehring batch meter, Koeh- of tables of quantities of materials 


' . - required in concrete paving work. 
ring boom and bucket, and Koehring five action re To enginesiing students, facies 


mixing principle produces standardized, dominant cscese nid ctiess tata we 
strength concrete of unvarying uniformity. shall gladly send a copy on request. 
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his group indicates the variety of recent 

Stone & Webster building work at home and 
abroad. The buildings are for the Jefferson 
Hospital, Philadelphia, The Exchange National 
Bank, Tampa, and The Western Union Telegraph 
Company and associates at Fayal, Azores. We 
offer an experience of 39 years in the construc- 
tion, reconstruction and extension of steam power 
stations, water power developments, transmission 
lines, industrial plants, office buildings and mis- 


cellaneous structures. 


STONE & WEBSTER 


INCORPORATED 
Boston, 147 Milk Street San Francisco, Holbrook Bldg. 
New York, 120 Broadway Pittsburgh, Union Trust Bldg. 
Chicago, First National Bank Bidg. Philadelphia, Real Estate Trust Bidg. 
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Motor Fuels of the Future 


A summary of the various solutions of the problem of our vanishing oil reserves 


the United States was about 7,700 

million gallons; in 1925 the con- 
sumption had arisen to 9,362 million 
gallons; and in 1926 the estimated 
consumption was 10,900 million gal- 
lons. ‘This rapid increase in consump- 
tion is due principally to the increased 
number of automotive vehicles. Dur- 
ing this same period the registered au- 
tomobiles and trucks in the United 
States increased from 17,600,000 in 
1924 to 22,000,000 in 1926. Up to the 
present time the very intensive drilling 
campaign and improvements in pro- 
duction and refining of petroleum have 
more than kept pace with the need, 
but it is a very serious question as to 
how long a period the petroleum res- 
ervoirs underground will continue to 
supply the constantly increasing de- 
mand. 


ik 1924 the gasoline consumption in 


Probable Increase in Motor 
Fuel Requirement 


The Report of the Committee of 
Eleven to the American Petroleum In- 
stitute estimates the total number of 
1utomotive engines in the United 
States in 1930 at approximately 31 
nis 50 per cent increase in five 

ears. In 1950 the estimated num- 
ber is 45 million—another 50 per cent 
increase, but in a period of twenty 
ears. The saturation ratio for pas- 
enger cars is assumed as one car for 
tour persons. This figure will be 
eached in 1938; after this date any 
‘urther increase will be due to increase 
n population. 

From the estimated number of au- 
tomotive engines, the committee has 


ilculated the yearly requirements for 
very fifth year up to 1975, based on 
oth a maximum and minimum de- 
nand—the minimum demand assumes 
nore efficient engines which consume 





By A. C. FretpNer 
Chief Chemist, U. S. Bureau of Mines 


only one-half of that now required per 
unit of work done. Following are 
some of these calculated gasoline de- 


mand figures: 
Million Gallons 


Year Maximum Minimum 
1925 8 ae 
1930 13,249 6,625 
1940 16,928 8.464 
1950 19,133 9.567 
1975 22,981 11,490 
(a) Gasoline produced in 1925 was 10,886 


million gallons. 
Domestic Reserves for Motor Fuel 


To meet this demand the known 
domestic petroleum reserves of the 
United States are estimated by the 
Committee of Eleven as follows: 


Billion bbls. 
(42 gallons) 
— 1 bbl. 

Oil from existing wells and proven acre- 

age, available by existing methods of 
recovery 
Oil remaining in this proven acreage after 
recovery by present pumping methods 
has stopped. Much of this may be re- 
covered by other more expensive 
cs ot | eee Pe fe Fs ae ee ae 
Undiscovered new fields and deeper sands 
(no estimate made) ..............-. — 
From 394 billion tons of 
deposits 
From 3127 billion tons of bituminous coal 
deposits 
From 986 billion tons of lignite deposits. 70 
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Only 4.2 per cent of this total esti- 
mated reserve of liquid and potential 
liquid fuel is petroleum. 

From these data it is evident that 
if the gasoline type of liquid fuel is to 
continue as the principal source of au- 
tomotive power after petroleum sup- 
plies become inadequate, then the 
chemist must solve the problem of 
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cheap and efficient transformation 
from solid to liquid form, the possibil- 
ity of which has alréady been indicat- 
ed by recent researches. Just when 
such augmentation of motor fuel from 
sources other than petroleum shall be 
required is unknown. Production thus 
far has more than kept pace with the 
grown demand, and recent improve- 
ments in cracking have made it possi- 
ble to crack any type of crude oil to 
gasoline, coke, and gas. In 1925 the 
gasoline yield of all crude oil run to 
stills was 35 per cent and in 1926 it 
was 40 per cent. The Committee of 
Eleven believes that ultimately 55 per 
cent of the crude oil production will be 
recovered as gasoline. Using this fig- 
ure Mackenzie finds that: 

The reserves of over 5 billion bar- 
rels in this country from present wells 
and present productive area will sup- 
ply the estimated gasoline require- 
ments of the country, using the maxi- 
mum figures to the year 1936 and the 
minimum figures to the year 1943. 
This, of course, does not mean that 
in 1943, at the latest, our petroleum 
reserves will be exhausted, since it is 
impossible to believe that we will not 
continue to find and develop new fields 
in this country. 

The present tremendous flood of 
oil from the Seminole field in Okla- 
homa is an outstanding example of 
such new fields as Mackenzie predict- 
ed in 1925. Nevertheless, the more 
rapidly the petroleum is removed from 
the ground the sooner our reserves will 
be exhausted, and when this day 
comes the chemist will have to step 
in and produce motor fuels from other 
materials. The internal combustion 
engine using liquid fuels that can be 
carburetted seems so firm!y intrenched 
that the production of similar substi- 
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tutes and augmenting materials from 
coal, lignite, oil shale, and vegetable 
matter appears to be the most likely 
solution of the problem, at least for 
passenger automobiles. Certainly dur- 
ing the transition period these substi- 
tute sources must provide a fuel which 
can be blended with gasoline from pe- 
troleum to make a fuel that is general- 
ly suitable for the type of automobile 
engines then in use. ‘These engines 
are likely to be high-compression en- 
gines which require a maximum of 
anti-detonating materials in the fuel. 
It is fortunate that most of the sub- 
stitute materials have anti-knock prop- 
erties, as for example, the light oils 
from high temperature carbonization 
of coal. These consist of benzene, tol- 
uene, and xylene; also the light oils 
from low temperature carbonization of 
coal which consist of 60 to 70 per cent 
unsaturated and cyclic hydrocarbons, 
have considerable anti-knock value. 
Gasoline from shale oil will probably 
be satisfactory in this respect. The 
alcohols give their most efficient per- 
formance at high compressions. Ac- 
cording to the present standard the 
principal positive requirements of fu- 
ture passenger automotive fuel will 
be: (1) volatility substantially as at 
present; (2) high anti-knock proper- 
ties; and (3) freedom from gum or 
sediment-forming constituents. 


Sources of Petroleum Substitutes 


Gasoline substitutes and augment- 
ing materials fulfilling these require- 
ments will come from one or more of 
the following processes: The fermen- 
tation of vegetable matter, the distil- 
lation of oil shale, the carbonization 
and also the hydrogenation of coal 
and lignite, and direct synthesis of al- 
cohols and hydrocarbons from com- 
bustible gases. All these processes 
are likely to contribute some of the 
future motorfuel requirement, and the 
solid mineral-fuel reserves of coal, lig- 
nite, and oil shale are necessarily the 
ultimate sources of raw material from 
which automotive fuels must be drawn. 

The keynote of the International 
Conference on Bituminous Coal held 
at Carnegie Institute of Technology, 
Pittsburgh, Pa., in November, 1926, 
was the discussion of various methods 
of obtaining oil and gasoline and their 
substitutes from coal and lignite. Eu- 
ropean nations have no internal petro- 
leum resources. ‘They are therefore 
very much concerned with the produc- 
tion of such substitutes from coal in 
order that they may have these valu- 
able liquid fuels in case of emergency, 
as in time of war, when they are cut 
off from external supplies. European 


investigators have therefore made 
more progress than American investi- 
gators in this field of research. Chem- 
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ists specializing in fuel research have 
known of the success of laboratory re- 
search in producing mixtures of alco- 
hols, hydrocarbons, aldehydes, etc., 
from water gas under pressure in the 
presence of catalysts for some years. 
In fact the first patent of the Badische 
Company was applied for in the United 
States in 1914 and granted in 1916 
but the real significance of industrial 
synthesis of such materials was not 
impressed upon us until a ship-load 
of synthetic methanol from Germany 
arrived in the port of New York ear- 
ly in 1925. The wood distillation in- 
dustry took notice of this fact because 
the selling price of this synthetic me- 
thanol was less than the manufactur- 
ing cost from wood distillation, conse- 
quently the life of their business was 
threatened, and within the past month 
Lazote, a subsidiary of the DuPont 
Company has announced that they are 
making synthetic methanol in quanti- 
ty and ultimately will be prepared to 
supply the entire annual demands of 
the United States. Obviously this 
means the end of the wood distillation 
industry. The synthesis of methanol 
is particularly significant because it is 
the first gasoline substitute that is be- 
ing produced on a commercial scale, 
although frankly, at the present price 
of production, it is a long ways from 
competing with gasoline as a motor 
fuel. Nevertheless, experiments have 
shown definitely that methanol can be 
used in an automobile engine and give 
very satisfactory performance, approxi- 

mately two gallons of methanol being 
required to give the same mileage as 
one gallon of gasoline. 


Various Processes for Obtaining 
Motor Fuel from Coal 


The processes for obtaining motor 
fuel from coal may be grouped in four 
classes: (1) The high-temperature 
carbonization of coal, including the 
gas-and-coke-manufacturing industry; 
(2) the low-temperature carbonization 
of coal; (3) the hydrogenation and liq- 
uefaction of coal by the Bergius pro- 
cess, and (4) the complete gasifica- 
tion of coal and conversion of the re- 
sulting gases by pressure synthesis into 
methanol, “Synthol”, and other liquid 
combustibles. 

Motor Benzol from Coke and Gas 
Works. Approximately 3 to 4 gallons 
of crude light oil are obtained by high- 
temperature carbonization of one ton 
of coal. Sixty to 70 per cent of this 
light oil is suitable for motor fuel after 
proper refining, making the net yield 
per ton about 2.5 gallons. The total 
coal coked (including beehive ovens) 
in 1923, which was higher than in 1924, 
was 55,500,000 short tons, which if all 
coked with by-product recovery would 
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yield 138,800,000 gallons of mot 

benzol or 1.3 per cent of the 10,88 
million gallons of gasoline produced i: 
1925. If the entire 1923 output o! 
545,500,000 tons of bituminous coal 
were put through by-product ovens the 
yield of motor benzol would be only 
1,362,750,000 gallons, or 12.5 per cent 
of the gasoline produced in 1925. Ob- 
viously, coke-oven light oil can never 
supply more than small portions of 
future motor-fuel requirements, and 
can readily be absorbed as an anti- 
knock constituent for blended fuels. 

Low - Temperature Carbonization. 
Low-temperature carbonization is often 
cited as the process which will solve 
the problem of future motor-fuel sup- 
ply. In this process coal is heated 
from 450° to 700° C. instead of 1000' 
to 1300°. The tar yields per ton are 
from 20 to 35 gallons, or two to three 
times that obtained by high-tempera- 
ture carbonization. Also, the tar re- 
sembles petroleum in some respects. 
Low-temperature tar consists of one- 
third to one-half tar acids and higher 
phenols, and the remainder is hydro- 
carbons—saturated, unsaturated, and 
cyclic. It does not contain benzine, 
toluene, naphthalene, or anthracene, 
and very little phenol or cresol, 
of which are found in high-tempera- 
ture tar. From 1 to 2 gallons of light 
oil may be scrubbed from the gas, and 
another gallon or two distilled from 
the tar, the total yield being from 2 
to 4 gallons. 

Assuming that 136 million tons of 
bituminous coal, approximately one- 
fourth of the 1923 output, are carbon- 
ized at low temperature, the motor-fuel 
yield on the basis of 10 gallons per 
ton will be 1360 million gallons, or 
12 per cent of the 1925 gasoline pro- 
duction. It is evident that the maxi- 
mum probable development of low- 
temperature carbonization, while fur- 
nishing a material quantity of motor 
fuel, can not satisfy the entire demand. 
We must turn to processes in which 
motor fuel is the principal product 
rather than a by-product. 

Bergius Process of Liquefying Coal. 
Of these the Bergius process deserves 
serious consideration, since it converts 
from 30 to 50 per cent of the coal into 
tar and oils, the yield varying with 
the type of coal and the conditions 
of hydrogenation. An attractive fea- 
ture of this process is that it is applica- 
ble to low-rank, non-coking coals and 
lignites, of which there are large de- 
posits in the western states. In ony 
process pulverized coal mixed with oil 
or tar to form a thick paste is heated 
at 400° to 450° C. in an atmosphere 
of hydrogen under a pressure of 150 
to 200 atmospheres. About 5 per cent 
iron oxide is included to remove sulfu: 
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compounds. Under these conditions 
the coal is converted into a black tar- 
ry liquid, which on separation from 
the ash and undecomposed residue 
yields from 35 to 5 per cent of crude 
oil, or 93 to 133 gallons per short ton 
of coal. Bergius reports a test on an 
Upper Silesian gas coal from which 
140 gallons of crude oil per metric ton 
of dry coal were obtained. ‘This crude 
oil on straight distillation and refining 
yielded 40 gallons of motor fuel, 50 
gallons of Diesel engine oil, 35 gallons 
of fuel or creosoting oil, a pitch resi- 
due, and 10,000 to 12,000 cubic feet 
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suitable metal and design to withstand 
the high temperatures and pressures 
required over five years or more of 
continuous use and the development 
of a cheap method obtaining the hy- 
drogen necessary from the distillation 
gases. However, the process has 
reached a sufficiently advanced stage 
of development that it could be car- 
ried on to commercial success under the 
stimulus of a petroleum shortage. As- 
suming that 2 tons of coal yield 1 ton, 
or 6 barrels of crude oil, then 252 mil- 
lion tons of coal would be required to 
produce the 1925 production of 755,- 


= te ed 
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to oil by liquefaction under pressure 
of hydrogen. 


Synthetic Motor Fuel from Water Gas 


Synthetic fuels from water gas may 
be discussed under three heads: (1) 
The synthesis of methanol under high 
pressure; (2) the production of “Syn- 
thol” under high pressure; and (3) 
the catalytic synthesis of hydrocar- 
bons at atmospheric pressure. 

Methanol Process—Methanol is 
produced from two volumes of hydro- 
gen and one of carbon monoxide sub- 
jected to pressures of 150 to 250 at- 


a 


A BATTERY OF CONTINUOUS STILLS AT THE TIDE WATER OIL PLANT 


This group is one of the most modern and efficient units found in the oil industry 


of gas. The motor-fuel fraction is said 
to consist of saturated aliphatic, aro- 
matic, and hydro-aromatic compounds. 
Olefins are said to be absent. The 
crude oil contains phenols, but presum- 
ibly in smaller quantity than in low- 
temperature tar. Ormandy and Craven 
examined the light-oil fraction distil- 
ing from 40° to 160° C. obtained in 
the hydrogenation of an English coal. 
"he yield of gasoline was approxi- 
nately 10 per cent of the weight of 
he coal (34 gallons per short ton). 
he washing loss was only 1 per cent. 
nd the gasoline consisted of unsat- 
irates 3.1, aromatics 7.6, naphthenes 
1.7, and paraffins 37.6 per cent. 

The practical difficulties to be solved 
n commercializing the Bergius process 
ire the development of autoclaves of 





852,000 barrels of petroleum. In other 
words, our present annual bituminous 
coal mined per annum would need to 
be increased about 50 per cent. No 
doubt our friends in the coal business 
would welcome the exhaustion of our 
petroleum resources. It would solve 
the present troubles of the coal-min- 
ing industry. 

It is reported that the I. G. (the big 
nitrogen and dye syndicate of Ger- 
many) is building a plant for the 
manufacture of oil from brown coal 
that will produce from 250,000 to 300,- 
000 tons of oil annually. Likewise, 
another plant for the hydrogenation 
of tar by the Bergius process is being 
constructed near Essen. We may 
therefore expect to have some further 
developments in the conversion of coal 


mospheres and temperatures of 300 tc 
400° C. in a copper-lined reaction 
chamber containing one or more of a 
number of catalysts which include zinc 
oxide or oxides of chromium, vana- 
dium, manganese, tungsten, uranium, 
lead, bismuth, etc. The Badische Ani- 
lin und Soda Fabrik in Germany is 
making methanol on a large scale. 
Likewise similar plants are in process 
of construction in France, and recent 
reports are that Lazote in the United 
States is in commercial production. 
The present manufacturing cost of 
making methanol is probably between 
20 and 30 cents per gallon in the 
United States. Obviously it can not 


compete with gasoline for motor fuel 
(Concluded on page 200) 
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Automatic ‘Temperature and Humidity Control! 


The development of temperature recording instruments as employed in 






dry-kilns and in other industrial fields 


NLY those who are in direct 
() touch with the history of kiln 

drying of lumber have any idea 
of the tremendous developments that 
temperature and humidity control 
instruments have undergone in recent 
years. The long story of lumber 
drying is, indeed, sprinkled with the 
names of alert managers and opera- 
tors who were ambitious to produce 
perfectly dried lumber, men who were 
wise and far-seeing enough to recog- 
nize and use the knowledge of the 
scientist concerning the vital charac- 
teristics of various woods, the safest 
and quickest ways of drying them 
uniformly, producing quality and 
reducing the cost of the finished ma- 
terial. In the earliest days it was 
customary to store the cut and milled 
stock in open yards to be air dried. 
Time was then of little consideration, 
and the idea of speeding up nature’s 
processes of drying had not yet 
troubled men’s minds. Then, here 
and there, men discovered that the 
same heat which dried their clothes, 
cooked their food, and warmed their 
houses could be put to the working 
of drying lumber and drying it far 
more expeditiously, uniformly, and at 
a less cost than unaided nature had 
succeeded in achieving. 

Hence the construction of the kiln 
and the consequent discovery that for 
correct drying, an accurate knowledge 
of temperature and humidity is 
essential. For a long time indicating 


By Matcotm B. Hari 
Manager Controller Division. 
The Foxboro Co., Inc. 


thermometers were the sole tempera- 
ture instruments employed in dry 
kilns. But these did not prove very 
satisfactory. The readings, gathered 
at stated intervals by the operator 
and noted on a card, had a certain 
usefulness; but there was no record 
of what happened in the kiln between 
the readings and, if the run was 
spoiled, there was no definite informa- 
tion to guide him during the next run. 
With the advent of the long-distance 
recording thermometer, however, op- 
erators were enabled to procure an 
accurate record of the temperature 
during the whole drying process. 
When the recording psychrometer 
was added, another step was taken 
towards control of lumber drying. 
The humidity of the kiln could be 
determined. 

The greatest step forward, however, 
was taken when the lumber industry 
as a whole began to realize that any 
process which could be controlled 
manually could also be better and 
more uniformly controlled automatic- 
ally. From that moment a demand 
for automatic temperature and humid- 
ity controlling equipment arose. It 
was readily seen that with such de- 
vices it was not only possible to dupli- 
cate conditions day after day, but to 
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reduce the human factor to a mini- 
mum, to insure a uniform product, 
and to save steam. However compe- 
tent aman may be, he can not be 
compared in accuracy and dependa- 
bility with a high-grade instrument. 
It never forgets, never makes a mis- 
take, and is never off the job. There 
are cases on record where Automatic 
Temperature Controllers have saved 
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their cost in less than one week after 
installation. It is perfectly obvious 
that where just the right amount of 
steam or other controlling medium is 
applied to a process and the process 
kept at the desired temperature or 
pressure, there is none of the waste 
that is inevitable where the valves are 
operated by hand with the consequent 
fluctuations of temperatures or pres- 
sures from the required control point. 
It is not a difficult mathematical 
problem to figure out just what this 
waste may be, and the savings 
effected, in this one item alone, by 
automatic control. Nor is it difficult 
to calculate the profits that increase 
with uniform production and the 
elimination of spoiled goods. The 
operator knows what he is doing all 
the time and what the result will be, 
for the Automatic Recorder-Controller 
never lets the temperature get away 
from him; it shows him minute by 
minute what is happening. 
Development in instrument manu- 
facturing has, in general, kept pace 
with development in industrial pro- 
cesses. About ten years ago there 
(Concluded on page 194) 











Vacuum Tube Development 


A comparison of different tubes relative to their method of manufacture, 
construction and application 


HE value of research is unques- 
tionably proven by the worth 
of the various types of evacu- 


ated tubes or bulbs, which have been 
sold during the past few years. 


Experiments, in which some material, 


attached to lead wires was sealed into 
glass vessels and the vessels ex- 
hausted, became of great commercial 
importance when Edison made his 
first incandescent lamps in 1879. The 
improvements in these lamps up to 
the present time is a most fascinating 
story, and represents the work of 
thousands of skilled researchers and 
the expenditure of millions of dollars. 
The changes from the bamboo and 
silk filaments to squirted cellulose, 
from the plain carbon to treated car- 
bon, later followed by the Gem fila- 
ment, the osmium filament, the tan- 
talum filament, and finally drawn 
tungsten have brought the incan- 
descent lamp to the excellence 
which it has to-day as a household 
necessity. 

At the same time that these 
changes were being made equally 
important advances were going on 
in the art of assembling and ex- 
hausting these lamps. Edison’s 
lamps took hours to exhaust while 
the present day marvel takes sec- 


onds. Originally slow acting mer- 
cury pumps were used for this 
work. These were replaced by 


Packard oil pumps, then by Ger- 
ycke oil pumps, later by rotary oil 
pumps, and finally by mercury con- 
densation pumps of the Langmuir 
type. In order to improve the 
vacuum obtained with the pumps, 
they are assisted by different chem- 
icals; in the earlier days by phos- 
phorous in the presence of a glow dis- 
charge in the bulb, and later by 
numerous chemical compounds, known 

s “getters,” such as various chlorides 
and fluorides, which when introduced 
into the bulb materially improve the 
performance of the lamp. 

Equally as wonderful are the im- 
provements in the methods of assem- 
bling the lamps. At first all of the 
work was done by hand, but it is now 
almost entirely accomplished by ma- 
chinery, operators only being neces- 
sary for loading the machines and 
final inspection and packing of the 
lamps. These machines are almost 
human and are wonderful pieces of 
mechanism. They blow the bulbs, 


make the stems from glass tubing, 
seal them into the bulbs, exhaust them, 





‘ ’ 
By. Bai. 01 
Engineer in charge of Vacuum Tube Depart- 
ment of the General Electric Co. 
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and even seal off the lamps. Some 
idea of the advance of the art along 
these lines is best gained by the state- 
ment that more than three hundred 
million vacuum lamps per year are 
made in approximately one half the 
floor space that was necessary for one 
half this number six years ago, and 


that the production per operator, due 
to the big improvement in machinery, 
has increased three fold in the past 
eight years. 






RADIOTRON UV-851 IKW OUTPUT 

The results of these extended re- 
searches and improvements have given 
us a lamp seven times as efficient as 
Edison’s, and one of the few house- 
hold necessities which have steadily 
decreased in price. Since 1921 their 
price has been decreased ten times, so 
that now they cost us only 49% of 
what they did in 1914. 

Many scientific men, such as Flem- 
ing, J. J. Thomson, Richardson, 
Langmuir, etc., have studied the dif- 
ferent phenomena observed in incan- 
descent lamps. When the lamp is 
well exhausted they found an electric 
current would pass from the hot fila- 
ment, if charged negatively, to a plate 
which was charged positively and 
sealed into the bulb opposite the fila- 
ment. The results of these purely 
scientific investigations have been 
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more far reaching even than those on 


the incandescent lamp itself. From 
them have arisen our X-Ray tubes, 
high voltage rectifiers, the entire 


radio vacuum tube line, photo-electric 
cells, cathode ray tubes, etc. 

In the present day vacuum tubes 
three types of substances are used as 
the source of electrons; the oxides of 
certain metals as calcium, barium, 
stronium, etc.; the pure metals them- 
selves as tungsten or molybdenum; 
and these pure metals mixed with a 
small amount of thoria. The oxides: 
are coated on a wire like platinum or 
nickel and give off their electrons at 
temperatures below. the melting 
points of these metals. The pure 
tungsten filaments are operated 
about 2400°-2500° K. and those 
containing thoria around 2000° K. 
Operating at the same temperature, 
the emission from thorium is about 


five thousand times greater than 
from tungsten. A pure thorium 
filament, however, vaporizes and 
melts at too low a temperature to 
get sufficient emission from it to 
make a successful radiotron. It, 
however, evaporates much slower 


when in the form of a thin film on 
tungsten and so it is used in this 
condition. The popular type of re- 
ceiving radiotron, UX-201-A, has 
such a filament, a tungsten base 


containing One or two per cent of 


thoria. This thoria, at the operat- 
ing temperature, slowly diffuses to 
the surface of the filament as 
thorium metal. The large emission 
of the thorium is thus secured at the 
high operating temperature of the 
tungsten filaments. Some idea of 
the quantity of electrons given off 


from the hot filament is gained from 
the fact that 6.28 x 101% escape per 
second from one square centimeter 
surface when the emission current is 
one ampere. 

Under the influence of a high 
voltage between the anode and the 
cathode the electrons escaping from 
the hot filament or cathode travel at 
great speed to the positive plate or 
anode placed opposite it. If gas is 
present it either “poisons” the surface 
of the emitting cathode or modifies 
the electron flow so that it destroys 
the proper characteristics of the 
tube. It is, therefore, very important 
that all the gas possible be removed 
from the tube. This removal of gas 
necessitates a great amount of pains- 
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COMBINED SEALING AND EXHAUST MACHINES 


taking work, which in the case of 
some of the larger wireless tubes must 
be carried on for fifteen or twenty 
hours, during which time they are 
connected to vacuum pumps. The 
elements of the tube have to be care- 
fully prepared before they are sealed 
into the glass bulbs. It is very essen- 
tial that these parts be freed from all 
dirt and grease and be kept as clean 
as possible, before mounting them 
into tubes. They are fired at a high 
temperature in a reducing atmosphere 
such as hydrogen, or in a vacuum to 
remove all contaminating oxides, and 
as much of the occluded gas as pos- 
sible. 

The pumping systems by which 
these tubes are exhausted are very 
elaborate, and in the case of those 
used for the larger tubes, sometimes 
cost as much as five thousand dollars 
per unit. The tubes are placed in 
baking out ovens and are attached to 
the pumping system. In order to 
obtain a sufficiently good vacuum 
three or more pumps are operated in 
series; the first one or rough pump is 
capable of giving a vacuum of | m.m. 
mercury; the next about .001 m.m.; 
and the final approximately .000001 
m.m. This last pump is also assisted 
by chemical means, such as phosphor- 
ous pentoxide, to help remove water 
vapor from the tube, or by a refrig- 
erant, such as liquid air or chilled 
brine, to freeze out this moisture. 

The exhaust operation is carried out 
as follows: The bulb is exhausted 
thoroughly while it is heated as hot 
as possible without actually softening 
the glass (400°-500°C depending on 
the glass used) for periods varying 
from a few minutes to two hours 
according to the size of the tube. This 
bake drives out the gases (principally 





water vapor and carbon dioxide) from 
the glass walls. Next the filaments 
are burned at temperatures higher 
than they will be when in service. 
This removes the gases from the fila- 
ment, leads and supporting anchors. 
Finally the anodes, grid structure or 
other parts must be brought to incan- 
descence to expel their occluded gases. 
This may be done by heating them in 
a high frequency electric field, or by 
bombarding them with electrons from 
their own cathode. By using high 
enough voltage between the cathode 
and anode (100,000 or more volts in 
the case of X-Ray tubes and high 
voltage kenotrons) the electrons strike 
the anodes with such force that the 
anode will be brought to a bright in- 
candescence. It is easily possible to 
melt ‘holes through tungsten sheets in 
this manner, temperatures over 3000° 
K being reached in such instances. 
This heating of the elements must be 
continued until as much gas as possi- 
ble is removed from them. Presence 
of gas in the tube is shown by fluores- 
cent spots on the surface of the glass 
bulb or by a glow in the bulb itself. 
When all the gas that can be removed 
mechanically by pumps has _ been 
drawn out, in order to still further 
improve the vacuum, metallic vapors 
such as those of phosphorous, mag- 
nesium or calcium, etc., are distilled 
into the bulbs and, condensing on the 
inside of the glass walls, unite chem- 
ically and physically with the residual 
gases. The tubes are then sealed off 
from the pumps by melting, with a 
gas flame, the glass tube which 
attaches them to the pump. 

Before the tubes can be sold they 
must be aged and operated at voltages 
and power outputs greater than will 
be called for in actual service. These 
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operations still further improve the 
vacuum as the electrons strike some 
of the gas molecules so hard that they 
actually drive the gas into the glass 
walls of the containing bulb. This 
effect is greater the higher the voltages 
used. After all these operations the 
vacuum in many instances is bette: 
than .000001 m.m., or in other words, 
there is less than one molecule of gas 
left of every seven hundred million 
originally present in the tube. To get 
full emission from the hot cathode, it 
is absolutely essential to have this 
high vacuum in the tubes. A very 
good indication of the perfection of 
the vacuum is afforded by the use of 
the so called 3/2 power law. This law 
states that the maximum thermionic 
current between electrodes of any 
shape varies with the 3/2 power of the 
voltage between them. It holds true 
for practically all measurements up 
to the saturation point, except a few 
at low voltages. If gas is present in 
the space, the law does not hold. 

The materials used for parts of the 
tube and the spacing and shape of the 
parts, play a very important role in 
the design and performance of vacu- 
um tubes. Copper, nickel, platinum, 
molybdenum and tungsten are most 
commonly used for the electrodes, the 
work which the tube has to do deter- 
mining the choice of material. For 
low power tubes, in which the anodes 
do not get red hot, nickel is generally 
used. The larger tubes either have to 
be water cooled, or have their ele- 
ments made from the high melting 
metals, molybdenum and _ tungsten. 
The electrodes are shaped and spaced 
according to the output and electrical 
characteristics desired. 

Many special glasses have to be 
used in the tubes. The small ones 
are made from lead or lime glasses 
similar to those employed in incandes- 
cent lamps. X-Ray tubes are con- 
structed either from a lime glass which 
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contains no lead, as lead in any form 
dissolved in the glass absorbs X-Rays, 
or from a composite bulb a part of 
which must contain no lead, while the 
remainder is made from glass which 
contains as high as fifty per cent lead 
oxide. This glass, if it is more than 
one quarter inch thick, prevents all 
X-Rays from passing through it and 
thus serves to protect the operator of 
the tube from X-Rays. The higher 
power radio tubes are built of a glass 
of low expansion and high melting 
point as it is less liable to crack under 
rapid changes of temperature and will 
stand higher temperatures without 
softening. This glass, known as 
G-702-P, is very similar to the well 
known Pyrex glass, and has the 
added advantage that it will allow 
large sized tungsten wires to be sealed 
directly into it without the resulting 
seal cracking or leaking. A great 
amount of thought and work has been 
put on the glass problem to be sure 
that the best glass has been selected 
for each particular use and that it is 
handled in the best manner, as the 
success of the entire vacuum tube line 
depends on the reliability of the glass 
to metal seals and the glass bulbs. 


X-Ray Tubes. 


The Coolidge X-Ray tube was the 
first practical high vacuum tube, which 
made use of thermionic emission. It 
was invented by Dr. W. D. Coolidge 
(M.I.T. 796) in the Research Labor- 
atories of the General Electric Com- 
pany, coincident with Langmuir’s 
studies on the emission of electrons 
irom hot bodies. Previous to 1913 
the commercial X-Ray tube had gas 
in it, and the cathode generally was 
an aluminum disc. The gas pressure 
changed during the operation of the 
tube, sometimes increasing and some- 
tumes decreasing, so that one could 


never be sure of the penetration of the - 


X-Rays. The focal spot would also 
wander around on the target. This 
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was bad for radiography, as it would 
make poor pictures. These faults 
were entirely eliminated with the hot 
cathode tube. One can always con- 
trol the quantity and quality of the 
X-Rays by the filament current and 
the voltage applied across the tube, 
and all tubes can be correspondingly 
controlled so they are alike. 

The World War necessitated that 
X-Ray tubes be used as near the battle 
fields as possible. Consequently, Dr. 
Coolidge designed a tube which would 
rectify its own current and operate 
directly from a transformer. The 
X-Ray outfit thus was simplified 
greatly. The principle of the tube was 
the same as in the earlier tubes, but 
the anode was a thin tungsten button 
cast into the end of a large copper rod. 
This copper carries the heat, produced 
by the electrons striking the tungsten, 
outside of the tube so that it can be 
radiated into the air. As long as the 
anode stays below the melting point 
of copper, the tube is its own rectifier. 

Following these two general types 
of tubes several others have been 
designed for special purposes such as 
for dental work; for work which de- 
mands an easily portable outfit; for 
therapeutic treatments, especially of 
cancer; for rapid picture taking so that 
pictures can be made of the chest, for 
instance, without the heart shadow 
being blurred, etc. They are designed 
to operate on voltages from 40,000 to 
250,000. 

These tubes are so easily controlled 
that many uses other than those for 
the doctor and dentist have been dis- 
covered. They are used for sterilizing 
purposes, for detecting flaws in masses 
of metal, for studying the structure of 
the atom, and many other duties of 
general and scientific interest. They 
have practically superseded the gas 
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tube throughout the entire world and 
have been of great bemefit to the hu- 
man race. Although all cancer cases 
cannot be cured by X-Rays, it is used 
extensively for cancer treatment and 
in many cases is beneficial. In this 
country alone approximately fifteen 
thousand tubes a year are made. 


Kenotrons. 


A kenotron is a vacuum device for 
rectifying alternating current. The 
word is derived from the Greek adjec- 
tive kenos meaning “empty” and the 
suffix tron signifying an instrument 
cr appliance. Dr. Dushman, of the 
Research Laboratory of the General 
Electric Company, first designed and 
applied commercial kenotrons for use 
as rectifiers. His first tubes had 
tungsten or molybdenum plate or 
cylindrical anodes with a hot cathode 
tungsten filament. As_ described 
earlier, an X-Ray tube is also a recti- 
fier as long as the anode does not be- 
come too hot. All -kenotrons, there- 
fore, are designed so that the anodes 
do not become hot under the service 
where they must operate. Like an 
X-Ray tube their vacuum must be as 
good as possible, and the tube must 
be long enough to withstand the oper- 
ating voltage. 

Many different types are now made 
in order to have tubes satisfactory for 
various purposes. 

The smoke elimination application 
is becoming even more valuable. The 
kenotron is employed to supply high 
direct voltage, direct current for the 
Cottrell process smoke precipitation. 
A chain or wire hanging in the center 
of the stack is connected to the nega- 
tive end of the kenotron while the 
positive is joined to the chimney or to 
metal plates inside. When voltages 


(Concluded on page 192) 
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AN ASBESTOS MILL 


Asbestos 


A description uf the methods used in mining this mineral and a discussion of its 


chemical and physical properties 


HE term “asbestos” is derived 
from the Greek and signifies 
“unquenchable,” “inextinguish- 
able,” “unconsumable”. The Germans 
call it “Steinflachs” (stone-flax). The 
Italians call it “amiantho”, signifying 
“undefiled”, “pure”, “incorruptible”. 
The French Canadian miners call it 
“pierre-a-coton” (cotton-stone), be- 
cause of its similarity in appearance to 
cotton. 

Asbestos has been called a “mineral- 
ogical vegetable”. In Mineralogy, 
three minerals are classified under the 
term “Asbestos”, namely: Antophyl- 
lite, Amphibole and Serpentine. 

Ist: Antophyllite, which is not 
used commercially. 

2nd: Amphibole or hornblende 
Asbestos. This includes various varie- 
ties, among which are Actinolite and 
Italian Asbestos. 

3rd: Serpentine Asbestos, which 
has three fibrous forms:—namely, Pie- 
rolite, Soapstone or Talc and Chryso- 
tile. 

The Chrysotile Asbestos is a variety 
found in the Canadian deposits and 
is the only variety which is of much 
economic value. 

In appearance and mineralogical 
character, these varieties are some- 
what different, while in chemical com- 
position, they are very similar, the 
Amphibole varieties being silicate of 
lime and magnesia and alumina, while 
Serpentine is a hydrated silicate of 
magnesia. The following is the aver- 
age composition of Canadian Chryso- 
tile Asbestos: 


SCR ess hee 40% 
Magnesia .......... 42% 
Ferrous Oxide ...... 3% 
Algmee $0635 5. 3.55; 1% 
Wattles ca. ie 14% 

100% 


Specific Gravity 2.219. 


By R. E. Hau 
Technical Service Division, Johns-Manville 
Corporation 


The chemical analysis is import- 
ant in determining the value of an 
asbestos deposit, because all fibres 
capable of being spun, must analyse 
about as stated. The percentage of 
water has apparently much to do with 
the strength, silkiness, and flexibility 
of the fibre. The Canadian Chryso- 
tile Asbestos always seems to con- 
tain not less than 13% of water, while 
all the harsh and more brittle fibres of 
the other types of asbestos contain lit- 
tle water, varying from 1% to 5%, 
and consequently are of little or no 
commercial value. 
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QUARRYING ASBESTOS ROCK IN A 
TYPICAL SURFACE QUARRY 


Chrysotile, the asbestos of the 
finer commerce, is in chemical terms 
a hydrous silicate of magnesia. ‘The 
Canadian fibre, which is made espe- 
cially soft and silky by its large per- 
centage of water—over thirteen per 
cent.—is practically the same as the 
best Italian fibre; but Italy’s supply 
of chrysotile is small, and so far as 
known this form of asbestos exists in 
paying quantities only in Canada. 
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How this remarkable substance 
ever came to exist, is a question whose 
answer dates back to Creation. Brief- 
ly the theory is this: The original 
rock, thrown up by ingenious action, 
developed cracks and seams as it 
cooled; and as these rocks changed 
under the action of water and vapors 
to serpentine, the seams gradually 
filled with serpentine deposits from the 
rock walls in a fibrous structure. The 
asbestos fibres are, as nearly as pos- 
sible, crystals of serpentine; hence 
their inconsumability. 

The Province of Quebec is the 
world’s chief storehouse of asbestos. 
Of the grades suitable for the highest 
class of manufacture—which, in other 
words, means the grades suitable for 
spinning and weaving—Quebec has 
practically a world monopoly. 

What makes one variety of asbestos 
of greater commercial value than an- 
other, and one country’s deposits bet- 
ter than those of some other country, 
is the fibre of the stone; and upon this 
essential difference is based the divi- 
sions of the natural stone into two 
quite distinct classes. It is amphibole 
or actinolite when its crystals occur in 
long, slender prisms or in radiating 
masses, whose fibres are harsh and 
brittle, and whose composition is about 
60 per cent. silica and 25 per cent. 
magnesia; it is chrysotile or serpen- 
tine asbestos when its fibres are long, 
slender, flexible, and easily separable 
into fine, silky threads that are highly 
elastic and capable of being spun. Que- 
bec’s supply, which is the source of 
the bulk of the asbestos used in the 
United States, is of this latter kind. 

Canadian Asbestos has a density of 
2.5; it-is white or greenish in color, 
but the separated fibres are white, lus- 
trous and silky, anywhere from %4 to 
3 inches in length. Single threads or 

(Continued on page 182) 





Monel Metal 


A brief description of the mining, smelting and refining processes with some 
characteristic uses of this versatile alloy 


ONEL Metal is a technically 
M controlled nickel-copper alloy 
of high nickel content. It 
takes its name from a former Presi- 
dent of The International Nickel Co., 
the company responsible for the com- 
mercial development of the metal. 
From the metallurgical point of view 
it is a metal of peculiar interest, for 
the combination of properties it offers 
is unique. Most people are familiar 
with the silvery-white appearance of 
Monel Metal owing to its extended 
use in the manufacture of equipment 
for soda fountains, hospitals and res- 
taurants, but, because of its great 
strength and resistance to corrosion, 
the less evident uses of the metal are 


tar more numerous. 


Colla, 


By W. L. WornHerspoon 


Chief Engineer, International Nickel Co. 


result, is largely economic, and the 
methods that have been developed for 
breaking, transporting and sorting the 
ore have reached a very high stage of 
efficiency. 

During the early days, Creighton 
Mine was worked as an open pit, but 
with increasing depth this system be- 
came dangerous and finally under- 
ground methods were adopted. The 
general nature of the operations will 
be more readily understood by refer- 
ence to the diagram showing the sec- 
tion through the shaft. Mining is car- 
ried on by the shrinkage or caving sys- 
tem. A main shaft, having five com- 


Open Pit 


CREIGHTON MINE 
System oF Mininc 





CREIGHTON MINE-—Section through No. 3 Shaft illustrating the general 


nature of the mining operations 


The Mining Operations 


In the Sudbury district of Ontario, 
Canada, there are immense deposits 
of the ore from which Monel Metal is 
produced. These ore bodies consist of 
pyrrhotite with chalcopyrite and pent- 
landite with a gangue that is gener- 
ally basic. The Creighton Mine de- 
posit, which is of an extremely mas- 
sive and compact form, has for many 
years been the main source for the ore 
supply from which Monel Metal is 
produced. Owing to the great strength 
and regularity of the ore body, very 
little timbering is necessary and the 
mine is unique in being practically 
tree from water and troubles with ven- 
tilation. The mining problem, as a 





partments, is sunk through the foot- 
wall at an incline of 55 degrees. ‘Two 
compartments are used for hoisting the 
ore in skips, two for men, waste rock 
and supplies, while the fifth compart- 
ment is used for pipes, such as com- 
pressed air and water mains, electric 
cables for power and lighting and a 
ladderway for emergency use by em- 
ployees. The present depth of the 
shaft is approximately 2400 ft. 

Main haulage drifts are cut through 
the footwall at a convenient distance 
from the ore body, the various levels 
being fixed at intervals of approxi- 
mately 120 feet vertically, but varying 
somewhat on account of the irregular 
shape of the ore body. From these 
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drifts crosscuts are driven through the 
ore body, from the footwall to within 
a few feet of the hanging wall. The 
crosscuts are turned off every 75 feet 
on the centre lines of pillars, boxholes 
being raised from the sides of the 
crosscuts on alternate sides at inter- 
vals of 15 feet. In this manner a cross- 
cut serves two stopes, with boxholes 
at 30 feet intervals along the sides of 
each stope. 

In each pillar a manway raise is 
driven in the ore along the footwall con- 
tact from level to level, and equipped - 
with ladderway, pipe lines, and steel 
chute. These raises afford a 
tematic means of access to the stopes, 
and, as backstoping progresses, suc- 
cessive small openings are broken 
through from the stdpes on either side. 
Sharp steel is delivered through the 
chutes from the level above and dulled 
steel passed to the level below. ‘The 
raises serve as a ready passage way 
between the levels and form a simple 
and efficient means of ventilating the 
stopes. ‘They also assist in recover- 
ing the ore in the pillars after the 
stopes have been exhausted, and af- 
ford a channel for the compressed air 
and water pipes essential for the con- 
duct of operations in the stopes. 

In some parts of the mine interme- 
diate levels are necessary owing to the 
flat dip of the footwall. These drifts 
are driven in the footwall, but nearer 
the ore body than the main haulage 
drifts, the work being guided as to the 
actual location of the footwall by the 
manway raises previously driven. 
There may be as many as three in- 
termediate drifts at intervals of 30 ft. 
vertically, the length of each being 
governed by the local dips of the foot- 
wall. Ore passes and rock-passes are 


sys- 


raised from the main haulage level to 





CREIGHTON MINE—Diamond Drill, as used 


to determine the outline of the ore body 
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connect with the intermediate drifts 
above, the rock-passes being used as 
manways during the pillar drawing 
stage. 

The footwall granite, in which a 
large part of the development work is 
done, is hard and of rather coarse tex- 
ture: the greenstones and associated 
granites in the lower section of the 
mine being somewhat easier to drill 
and break. The ore is easily drilled, 
but being rather difficult to break in 
the comparatively small development 
openings, it requires as many holes 
drilled as in the rock. 

The main levels are equipped with 
steel rail tracks along which trains of 
heavily-built automatic side-dumping 
steel cars are hauled by storage battery 
locomotives. These cars carry the ore 
from the stopes and dump it down ore- 
passes that lead into underground 
chambers. Here the large pieces 
mined are reduced in crushers to about 
a six inch size, passed into measuring 
pockets, and loaded into.7% ton skips 
for transportation to the surface. The 
Creighton Mine was the first mine in 
the country to install a system of 
crushing underground. 

Owing to the character of the ore, 
which is extremely tough and heavy, 
extra heavy crushers have been de- 
signed, each of which measure 42 
inches by 30 inches in the jaw open- 
ing, and is operated by two 100 h. p. 
electric motors. These crushers were 
made in sections, the total weight of 
each machine being about 25 tons. 

The shaft house of the Creighton 
Mine is an immense steel structure 145 
feet high, and contains about 1600 
tons of constructional steel. This huge 





PORT 
roasting furnaces where the fine ore is dried 
and roasted, preparatory to being fed to the 
reverberatory furnaces. 


COLBORNE—Wedge 


mechanical 


structure, which is believed to be one 
of the three highest shaft houses in the 
world, is enclosed with hollow tile on 
account of the severe climatic condi- 
tions experienced in Canada. The ore 
is delivered from the skips into the up- 
per part of this building, and then 
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gravitated through a system of screens 
and rock crushers which automatically 
grade the pieces into sizes convenient 
for the pickers. These screens are 
located on three floors, the upper floor 
dealing with the oversizes, the second 
floor with the medium sizes, and the 
first floor with the undersizes. Con- 
veyor belts are installed on all three 
floors and travel at a convenient speed 
past the pickers, who take out the 
waste rock and drop it into steel 
chutes which lead to a_storage-bin 
above the railway tracks. The waste 
rock is used for fill and road making 
operations. The object of the sizing 
is to aid the pickers and to ensure 
proper sizes, and the correct separa- 
tions of the sizes, for reverberatory 
and blast furnace products and for 
building roast heaps. 


The Smelting and Refining Processes 


The ore as shipped from the Creigh- 
ton Mine consists of two main prod- 
ucts, coarse and fines, an approximate 
analys's being:—Cu 1-50,—Ni 4-00,— 
Fe 41-50.—S 24-00,—SiO, 17-00.— 
Owing to the high sulphur content, di- 
rect smelting is not practicable. The 
grade of matte produced would be only 
about 10 per cent copper. Nickel 
which would throw an unduly large 
amount of work on the converters, and 
a large quantity of limestone or other 
basic flux would be required in the fur- 
naces to make a slag that would flow 
at a reasonable temperature. From 
the above analysis it is seen that the 
iron in the ore offers a basic flux quite 
as effective as limestone, and at a 
much lower cost. To make it avail- 
able, however, it must first be changed 
from the sulphide, in which form it 
exists in the ore, to the oxide, in which 
form it can combine with the silicious 
rock material that has to be fluxed. 
One method of doing this would be to 
oxidize it in the furnace by means of 
the blast, or, in other words, to smelt 
the ore pyritically. Many and per- 
sistent attempts have been made to 
do this with these ores, but so far 
without success. On this account 
roasting in some form or other is the 
only alternative. 

In making up the charge for the 
blast furnaces, a certain amount of 
green ore is mixed with the roasted 
ore, the average sulphur content be- 
ing thus made up to approximately 13 
or 14 per cent. A certain quantity of 
slag from the converters is also added, 
the latter being known as “revert”. The 
coke is adjusted for the needs of each 
particular charge, and varies accord- 
ing to the nature of the charge and 
the quality of the coke. It usually 
forms 10 or 11 per cent of the total 
weight. Flux is seldom required, al- 
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though limestone and quartz are avail- 
able if conditions demand their use. 
The principal part of the charge to 
the reverberatory is fine ore which 
has been prepared by grinding and 
roasting. ‘This ore has already passed 
through the smallest screens in the 
rock-house, but as it has no tendency 
to decrepitate on heating, it is neces- 
sary to crush it still smaller before it 
will roast satisfactorily in a mechani- 
cal furnace, and four Krupp ball-mills 
are used for this purpose. ‘The fine 
ore is conveyed to storage bins, from 
which it is automatically fed through 
the drying and roasting hearths of the 





CREIGHTON MINE—Upper floor of rock- 
house, showing rubber conveyor belts travelling 
past the pickers, who take out the waste rock 
and drop it down the chutes. 


Wedge roasting furnaces, where the 
sulphur content is reduced from 24 per 
cent to between 10 and 11 per cent 
when discharged. 

The hot calcines from the Wedge 
furnaces are taken in bottom discharge 
cars and dumped into bins at the back 
of the reverberatory furnace. From 
the bins the calcines are drawn into 
small bottom-dump cars operating on 
tracks, and taken to troughs which 
feed into the furnace in such a man- 
ner that the charge piles up against 
the side walls and reaches to the roof. 
The flames from the powdered coal 
which is delivered to the burners are 
thus prevented from reaching the 
walls of the furnace. Fresh material 
sinks down as smelting takes place, 
thus making the charging absolutely 
continuous. Skimming is done at in- 
tervals of about two and a half hours, 
the matte being tapped as required. 

The basic converters used at Cop- 
per Cliff are cylinders lined with mag- 
nesite brick. The air blown in through 
the tuyeres passes through the melted 
slag and oxidizes iron. The oxide of 
iron combines with silica and forms a 
slag. Blast furnace and reverberatory 
matte are used together, the ratio de- 
pending upon the quantities derived 
from the daily operations. The blow- 


ing is always carried on for a definite 
(Continued on page 190) 











A Glimpse of the Aluminum Industry 


A descripiion of the methods of refining and fabricating this useful material 


OST of the articles which have 
M been written on aluminum, 

either for text-books or for 
technical periodicals, devote consider- 
able space to the early history of the 
metal and the various processes pro- 
posed for its reduction. Since this 
ground has been covered so thorough- 
ly elsewhere, it will suffice to say that 
although the metal was first isolated 
one hundred years ago, and was pro- 





FRAME OF MOTOR BUS BODY 


Showing extensive use of aluminum alloys. 


Aluminum construction saves weight and 


power. 


duced commercially on a small scale 
by Deville about seventy-five years 
ago, the real commercial development 
of aluminum dates from 1886. In 
that year, Charles M. Hall discovered 
the electrolytic method now univer- 
sally used for the reduction of alum- 
inum, while Heroult in France made 
similar discoveries almost simultan- 
eously. 

In the forty years which have 
since elapsed, aluminum has developed 
from a little-known, costly metal of 
very limited application to a material 
almost as common in our daily life as 
copper, zinc, lead and other metals 
which have been used by man for 
many centuries. During the working 
lives of men still active, the world’s 
production of aluminum has increased 
from a few thousands of pounds per 
year to approximately four hundred 
million. Many of the important 
applications of aluminum are still in 
their infancy, so the end of this expan- 
sion is nowhere in sight. 

It is well known that aluminum is 
one of the most widely distributed 
elements in nature. All clays and 
many common minerals contain con- 
siderable percentages of aluminum, so 
the supply of raw material, in theory 
at least, is inexhaustible. These min- 
erals, however, are not economically 
available at the present time. The 


electrolytic production of pure alum- 





By C, L. Dunnam 


Aluminum Company of America 


inum requires as an _ intermediate 
process the production of pure alum- 
inum oxide. To produce this from 
clay is technically feasible, but the 
cost, by any method so far developed, 
is prohibitive. Aluminum from clay 
has been the dream of many metallur- 
gists which some day may become a 
reality. At present, however, bauxite 
is the raw material from which the 
world’s supply of aluminum is _ pro- 
duced. 

Bauxite is an hydrated oxide of 
aluminum, containing varying per- 
centages of the oxides of silicon, iron 
and titanium, and small quantities of 
several other impurities. Although 
not a rare mineral, its occurrence is 
rather scattered. The known com- 
mercial deposits in the United States 
are confined to the southern states, 
the largest being in Arkansas. Large 
deposits also exist in South America, 
France, Ireland, Jugo-Slavia, Hun- 
gary, Russia and elsewhere. Only the 
higher grades of bauxite are suitable 
for aluminum manufacture and the 
known supply of these grades, while 
adequate, is by no means inexhausti- 
ble. Nearly five tons of bauxite are 
required to produce one ton of alum- 
inum, so the yearly aluminum produc- 
tion of the world requires the mining 
of one million tons of bauxite. 
Bauxite mining is, therefore, an indus- 
try of considerable magnitude which 
deserves some consideration in an 
article such as this. 

The first step in the development 
of an area suspected to contain 
bauxite is a careful survey, followed 
by plotting of all topographic and 
geological features on large and small 
scale maps. A system of drill holes 
is then worked out with a maximum 
spacing of three hundred feet. From 
these holes a preliminary idea is ob- 
tained of the extent, depth, quality 
and thickness of the bauxite bed and 
of the topography of the top and bot- 
tom. If a deposit which can be 
extracted profitably is indicated, check 
drill holes are then put down, spaced 
as closely as the depth of the over- 
burden permits. If these check holes 
bear out the preliminary indications, 
careful estimates are made of the 
yardage of overburden to be removed 
and the tonnage of commercial bau- 
xite which can be expected. 

A mode of attack is then carefully 
worked out. Dumping grounds for 
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the overburden must be located 
ground known to be free from bauxite. 
Steam shovel cuts are planned, rail- 
road grades determined and cost 
estimates made before the actual work 
of development is started. 

In some areas, the overburden is so 
shallow that wheeled scrapers drawn 
by caterpillar tractors are used for 
stripping. Where the overburden is 
heavy, the preliminary stripping is 
done with sixty to seventy ton steam 
shovels having dippers of 2 1-2 yards 
capacity. These are followed by 
smaller steam shovels of the caterpillar 
type, which can follow the contours of 
the bauxite bed and remove all but 
the last two or three feet of overbur- 
den. The spoil from the shovels is 
loaded into railroad cars where grades 
permit, or into ‘dump wagons, and 
hauled to the dumping ground. 

There still remains a tightly ce- 
mented layer two or three feet thick, 
consisting of a mixture of clay, lignite 
and bauxite, which must be loosened 
either by blasting or by means of road 
machines known as “rip-snorters” 
drawn by ten-ton caterpillar tractors. 
This material is removed with wheel 
scrapers. The capping of siliceous 
bauxite is now removed, pot holes 
and depressions filled with clay are 
cleaned out, and the entire surface of 
the deposit swept with steel brooms. 
All these operations are preliminary to 
the actual mining of a single pound of 
bauxite. 





ALUMINUM FREIGHT CONTAINER 


Goods packed in these containers travel from 
producer to consumer by motor truck or rail- 
road without exposure or rehandling. Alum- 
inum containers are light, strong and resistant 
to corrosion. 


In the actual mining, drilling is done 
by hand or with air drills along the 
predetermined mining faces. Samples 
from the drill cuttings are analyzed as 
a check on the preliminary drillings 
and the results used as a guide for 

(Continued on page 184) 
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PRIZE-WINNING DESIGN 


The reproduction on the opposite 
page is of a design problem that won 
the F. W. Chandler prize No. 2 last 
vear in the advanced design division. 
It was worked out by R. S. Nelson, a 
eraduate student, and entered in the 
Paris prize competition. In this com- 
petition it was among the best five. 
The design is of an entrance to an ex- 
position hall in which examples of 
Art, Architecture, and the allied arts 
are to be on exhibit. 

The design was not given the prize 
as being the most practical structure 
for its purpose, but was picked be- 
cause of its rigid conformity with the 
requirements of the problem, the 
beauty of its architectural details, and 
the ingenuity of the problem’s solu- 
tion. Mr. Nelson is planning to again 
enter a design in competition for the 
Paris prize this year. In view of the 
excellence of his work in the past, it 
appears that he has a very good 
chance of winning. 


VACATION OPPORTUNITY 


There are many ways of spending 
a vacation, but by far the wisest way 
is to follow a definite purpose in order 
to obtain the greatest possible benefit. 
The summer offers a wonderful op- 
portunity to really determine one’s 
adaptability and fitness for his chosen 
profession. A man taking a definite 
course will do well to secure work in 
the line in which he expects to engage 
after graduation. In this way, he 
should be able to obtain a practical 
insight into his chosen field, and from 
such a viewpoint, be able to tell 
whether he really wants to continue 
his training in that direction. Mod- 
ern education, and particularly en- 
gineering education, is so highly spe- 
cialized that to obtain a degree in a 
certain field and then to eventually 
engage in work which entirely differs 
from one’s previous training seems a 
fruitless expenditure of time and 
money which might well be spent in 
other channels. In bringing the stu- 
dent into contact with the realities of 
after-life, the vacation renders a real 
service to those who will take advan- 
tage of its possibilities. 


THE INSTITUTE COMMITTEE 


This month will be noteworthy to 
Technology as the newly elected 
Institute Committee will take over the 
duties of their office in preparation for 
the fall. They succeed a Committee 
which has functioned well and has 


greatly strengthened student govern- 





Editorials 


ment at the Institute. The unfortu- 
nate occurrences last fall which pre- 
ceded the field day celebration were 
investigated by this organization to the 
satisfaction of both the students and 
the faculty. 

This spring the circus was again 
attempted with the usual disastrous 
results. After a careful investigation 
the Committee has recommended that 
the Technology circus be abolished. 
The ultimate decision on this matter 
must be made by the new Institute 
Committee. 

The retiring’ Committee have laid 
the foundations for a very successful 
year but the realization of this end 
rests with those about to take over 
the office. They will have to decide 
if we are to have another circus, 
whether the class of 731 will have 
freshman rules, and if we are to have 
a field day unaccompanied by the 
usual destructive tendencies. 


FC ne ee NO NEU 9 oe eC 
THE COVER 
The cover on this month’s TECH 
ENGINEERING NEWS is a mezzotint 
by Joseph Pennell which pictures 
“Cortland Street in the Evening.” Mr. 
Pennell has made many sketches all of 
which appeal to the engineer. This 
particular picture appeared in Pencil 
Points some time ago. 
oeael 








The honor of the Institute rests to 
a large extent with those students 
who have been elected to administer 
its student government. We have 
elected those men whom we feel most 
competent to serve and now it is the 
duty of everyone to support this Com- 
mittee to the end that our undergrad- 
uate life may advance. 





AN ENGINEERING EDUCATION 


An engineering education must 
necessarily be restricted to scientific 
subjects in order to accomplish its in- 
tended purpose of training students to 
solve the engineering problems of the 
present day. The unprecedented 
technical development of the past 
two decades has necessitated intensive 
specialization in our technical schools; 
however, the various branches of en- 
gineering are su closely allied that this 
specialization has not been done at the 
expense of technical studies, but cul- 
tural subjects have been dropped from 
the curriculum to provide time for the 
added engineering instruction. 

While this policy will produce ex- 
cellent engineers, it is questionable if 
it will produce men who can take 
their place in public life and exert the 
influence which their training should 
inspire. The summer vacation affords 
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an excellent opportunity for acquir- 
ing culture and a broader outlook on 


life. Many students take advantage 
of the vacation by going abroad, thus 
acquiring a totally new point of view 
on cultural as well as scientific sub- 
jects. We feel that a summer abroad 
will do more than anything else to 
give an engineer those things which 
must, of necessity, be omitted from 
the curriculum. 

A technical training is the best kind 
of education a young man could elect, 
but if his influence is to really count 
in the community he must take advan- 
tage of the summer vacation to 
broaden his outlook, and develop 
himself along other lines. 


MARTYRS TO SCIENCE 


Two more brave men must be 
added to that already long list, of 
those who have given their lives so 
that science may advance. Com- 
mander Davis and Lt. Wooster ’23 
lost their lives recently when the 
American Legion crashed in a swamp 
off Langley Field. 

Both of these men were more than 
good aviators, they were scientists of 
an unusual calibre. Their death will 
be a great loss to the profession as no 
one can completely take their place. 
Many other accidents to trans-Atlan- 
tic planes have occurred recently with 
the result that public confidence in 
aeronautics has been shaken. While 
some accidents are unavoidable, others 
can be indirectly traced to careless- 
ness. The Bellanca monoplane had a 
narrow escape recently when one of 
its wheels broke loose in the air. 

We are not in a position to attribute 
this to carelessness but the failure of 
minor parts can bring death to men 
whom the world needs. Commander 
Byrd also had a narrow escape when 
his large Fokker tr-motor plane over- 
turned recently. 

Men of the calibre of Commander 
Davis and Lt. Wooster are very rare 
and we can not afford to lose them. 
In future attempts at trans-Atlantic 
flights we should exercise more cau- 
tion in our test flights and there is no 
reason why we can not construct a 
runway two miles long for the ships 
to use in taking off. Most of the 
accidents of the past have occurred in 
taking off and landing. These diffi- 
culties are entirely due to the poor 
ground force. These men have given 
their lives to science and we must see 
that these lives are not wasted. Ite 
the lessons of these disasters are used 
to advance the science of aeronautics 
these men will not have died in vain. 
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PROFESSOR W. S. HUTCHINSON 


MINING AND METALLURGY 

Material civilization is built upon 
the products of the mines; barbarism 
was the best the human race could 
achieve when it knew nothing of pe- 
troleum, coal, iron, copper, gold, silver, 
lead, zinc and the other now indispen- 
sable resources of the mineral king- 
dom. Mining is essential to the ma- 
terial advancement of mankind and 
to the progress of engineering devel- 
opment. There are three divisions in 
the under-graduate work of the depart- 
ment. 

Mining Engineering. Mining deals 
with the extraction of minerals from 
the earth’s crust; but first the miner- 
als must be found or discovered; sec- 
ond, the minerals must be dug out and 
brought to the surface; third, they 
must be rendered suitable for commer- 
cial use; and fourth, they must be 
marketed and sold. 

Successful mining requires skill in 
diverse fields of engineering and a 
world wide view of mineral econom- 
ics. Demand for the products of the 
mines has had an amazing increase in 
America during the last five decades; 
production has kept pace with demand 
and in doing so the output of petro- 
leum has increased one hundred times 
as fast as population, of copper and 
lead sixteen times, of pig iron thirteen 
times and of coal ten times. 


The industry has found little diffi- 
culty in keeping up with demand i 
the case of minerals easy of discovery, 
as for example coal, iron and cement 
rock, but the situation is different with 
respect to petroleum, lead and some 
others which are difficult to find. 


Departmental Notes 


Maintenance of supply then becomes 
a problem in prospecting and discov- 
ery. Lately, in order to keep up, the 
mining engineer has had to call to his 
aid branches of physical science known 
as geophysics. Magnetometers de- 
signed for field use have been used for 
some years to detect the presence of 
deposits of strongly magnetic minerals 
as some of the iron ores, and lately 
the designing of instruments of great- 
er delicacy has extended the useful- 
ness of this method to the discovery 
of other ores. Of more recent and 
novel application to ore finding are 
electrical instruments operating vari- 
ously in accordance with potential, in- 
duction and radio principles and have 
become of proven usefulness. The 
petroleum engineer has conceived new 
applications of seismic, sonic and grav- 
imetric phenomena, and stimulated by 
the prizes to be won from nature and 
supported by the wealth of operating 
profits the oil industry has engaged 
in most elaborate interpretative studies 
with seismograph and torsion balance. 

The mining department’ has recent- 
ly imported from Sweden a magneto- 
meter, the first unit of equipment de- 
signed for instruction and research in 
this field. This magnetometer is now 
being used in thesis studies including 
field observations at a well known iron 
mine in New Jersey with interpreta- 
tion of the results in relation to fault- 
ing of the ore deposits. 

Ore Dressing, an important division 
of mining engineering, has to do with 
the preparation of ores and coal to en- 
hance their value by elimination of 
rock and the concentration of the 
sought-for mineral in a smaller bulk, 
therehy fitting it for subsequent trans- 
portation and metallurgical treatment. 
Current activities in the laboratory of 
this division center around the differ- 
ent phases of flotation and several in- 
vestigations are now in progress. 

Success has attended the experi- 
ments by differential flotation and 
gravity concentration made upon a 
unique tin ore from Bolivia. Investi- 
gation is also being made to determine 
the facts concerning the constituent 
mineral association of gold in the cop- 
per ore of the new mining district of 
Rouyn, Quebec, a problem rendered 
unusually difficult owing to the micro- 
scopic fineness of the mineral aggre- 
gate. 

Equipment added during the past 
year to the ore dressing laboratory in- 
cludes a Marcy mill designed to oper- 
ate either with balls, rods or pebbles. 
It is suited for fine crushing of ore in 
preparation for other treatment or in 
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connection with research relating to 
the much-disputed laws of crushing. 
A Dorr classifier is coupled in closed 
circuit with the ball mill thus afford- 
ing means of regulating the degree of 
fineness of the product. The fine sands 
and slimes leave the mill suspended 
in large volumes of water and a new 
Dorr tray-type thickener has been in- 
troduced to provide for settling the 
solids in a thickened mud on the one 
hand and the delivery of clear water 
on the other. 

The Summer Mining Camp is situ- 
ated forty miles northeast of New 
York City in the highlands of New 
Jersey. Instruction in surveying is 
given here to students in Mining En- 
gineering. Many historic and _ still 
important iron mines are within an 
hour’s motor ride of the camp and 
afford examples of modern mining 
practice. Eight weeks are spent in the 
camp surveying in and about the mine, 
so that by the time the student has 
completed the required work, he has 
acquired an acquaintance with mining, 
a knowledge of its vocabulary and con- 
ceptions of a practical character ade- 
quate to an understanding of the theo- 
retical and engineering instruction 
given later at Cambridge. The camp 
buildings, completed in 1925, comprise 
a central administration building, while 
two wings provide a drafting room on 
the one hand and a dining room on 
the other. Dormitorities and other 
buildings forming a group of six 
smaller structures are planned with a 
view to efficiency and wholesome liv- 
ing conditions. 

Metallurgy has to do with the con- 
version of the ores into forms suitable 
for commercial use and fabrication. 
The metals occur in nature in many 
and diverse combinations with other 
elements. ‘These are the ores and 
from them the metals as gold, silver, 
lead or iron are obtained by processes 
classed as “production” metallurgy. 
But the metals thus obtained do not 
usually possess desired properties and 
must be still further subjected to the 
arts of the metallurgist. This may be 
done variously as by the introduction 
of alloying elements to improve the 
physical properties such as hardness, 
toughness, ductility or electrical con- 
ductivity; or by heat treatment and 
mechanical working to improve the 
physical characters. These and relat- 
ed processes, as well as the manipula- 
tion of the varied devices, for the de- 
termination and measurement of phys- 
ical properties, are known under the 
general title of “physical” metallurgy. 
The division of production metallurgy 
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recently cooperated in revolutionary 
and long over-due improvements in the 
process of copper refining with a re- 
sult that a commercial plant is now 
being built in the west. 

The division of physical metallurgy 
is working on three major lines of re- 
search at the present time. A study 
has been made and the results pub- 
lished of the effects of sudden cooling 
of 60 Cu-40Zn brass followed by re- 
heating at various temperatures. Re- 
markable changes in structure and me- 
chanical properties are found if the 
alloy metal is subjected, before heat 
treatment, to some form of mechanical 
work such as drawing or compressing. 

A study of the intercrystalline fail- 
ure of metals has been in progress for 
a number of years. This investiga- 
tion is of particular importance since 
it concerns the curious type of failure 
known as “Season Cracking” com- 
mon in a certain kind of brass widely 
used in the making of condenser tubes. 
A similar failure is known to occur 
in low carbon steel used in boiler con- 
struction and traced to the action of 
caustic solutions on steel under ten- 
sion. This type of failure is being 
studied with steels of different compo- 
sition and under varying conditions 
of temperature, mechanical loading and 
caustic concentration. ‘The purpose is 
to d'scover the exact cause of the crack- 
ing and to find possible methods of 
prevention. This investigation involves 
in part an examination of the steel at 
very high magnifications. 

Perhaps the most interesting re- 
search now in progress deals with 
“nitralloy” the new alloy-steel contain- 
ing aluminum. The steel itself has 
remarkable mechanical properties but 
its outstanding characteristic is its 
ability to dissolve nitrogen on its sur- 
face, producing a layer of “case” which 
is harder than any steel hitherto 
known. The nitrogen case may be 
produced by heating the special steel 
in ammonia gas. It has the advantage 
over the usual method of gas harden- 
ing by carbon, not only in that the case 
is much harder, but because the nitro- 
gen is introduced at a substantially 
lower temperature. This means that 
the steel can be machined to the de- 
sired shape and size, and then hard- 
ened without distorting the material 
and without complicated heat treat- 
ment. Many uses of this new material 
are being found in the textile indus- 
try, in the automotive industry and 
for other purposes. 

Petroleum Production is the title of 
a new course of study to be offered in 
this department for the first time at 
the beginning of the next school year. 
Petroleum production is a veritable 
part of mining engineering but a spe- 
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cial division has been made because 
of the unique engineering practice 
which has developed because of the 
fluid and gaseous character of the de- 
posits, as well as because of the rapid 
growth and stupendous economic im- 
portance of the petroleum industry. 





PROFESSOR F. G. KEYES 
Head of the Department of Chemistry 


The undergraduate course of instruc- 
tion gives prominence to the geology 
and occurrence of oil and gas, to the 
finding and methods of development 
of the deposits, to the methods of drill- 
ing wells and extracting oil and gas 
from natural reservoirs, to the econom- 
ic conservation of the products, to the 
maintenance of petroleum wells and 
fields, to methods of transportation of 
crude oil and gas, and to the storage 
of oil. Stress is placed on the relation 
of development programs to daily or 
annual production. The economic 
position of the industry is studied from 
historical and statistical viewpoints, 
taking full account of the character 
of petroleum as a wasting asset. 

The graduate in petroleum produc- 
tion may expect to spend a few months 
in field work acquiring experience; 
then he may be given charge of cer- 
tain operations under close supervision 
and in the course of one or two years 
will probably have reached the grade 
of district or division assistant mana- 
ger. Advancement from this stage will 
be varied, but may include such grades 
as engineer, superintendent or mana- 
ger in either of such divisions as de- 
velopment, oil production, gas produc- 
tion, gasoline production, construction 
or operation of pipelines, storage and 
terminals, efficiency and research. The 
growth of the industry has been, and 
still is, so extremely swift that the 
advancement of the individual, once 
he has proved his worth, is correspond- 
ingly rapid. The petroleum industry 
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of the United States of America had 
its beginning with the discovery of oil 
in Pennsylvania in 1859 and that year 
the total production amounted to 2000 


barrels. Today, output is at a rate 
of 855,000,000 barrels not counting 
natural gas or gasoline condensed 
from the gas. In value it exceeds 
that of bituminous coal and suc- 
ceeds to the position of the latter as 
King of our mineral products. 


W. Spencer Hutcuinson 





DEPARTMENT OF CHEMISTRY 

In practice the work of the chemi- 
cal department at M. I. T. has always 
been diversified to meet the particular. 
problems facing it. Undoubtedly most 
branches of science are better under- 
stood if the student be acquainted with 
the facts and theories of general chem- 
istry. Not only is a richer intellectual 
background gained thereby but some 
knowledge of the properties of metals, 


alloys, the common gases, non-metals, 


the compounds of carbon, and so on is 
likely to prove the key to many a prob- 
lem. In recognition of the interde- 
pendence of the sciences, one of the 
duties of the department has been to 
provide suitable limited instruction for 
students in all courses except archi- 
tecture—a limitation somewhat askew 
in view of the vast structure theory of 
organic chemistry and the fact that 
Kekule himself was trained as an 
architect. 

A second large division of the work 
of the department consists in main- 
taining instruction in inorganic, ana- 
lytical, physical and organic chemistry 
for the students of Course X. Through 
the first three undergraduate years the 
work is nearly equal to that of the 
regular students in the course in chem- 
istry. The training in these chemical 
subjects is very important, constitu- 
ting as it does, one of the three large 
groups of professional studies planned 
for the chemical engineers. 

It is in the attention devoted to the 
students in Course V, particularly to 
the upper classmen and the candidates 
for advanced degrees, and to the Re- 
search Laboratories of physical and 
organic chemistry that the aims and 
purposes of the department reach their 
most complete development. As stated 
in the catalog for 1926-1927, the aim 
of the course is “to give the student 
thorough instruction in the fundamen- 
tal principles of inorganic, analytical, 
organic, theoretical and _ industrial 
chemistry. The second aim is to stim- 
ulate and develop the research attitude 
in the student.” By and large these 


two purposes have always been in the 
(Concluded on page 202) 
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The Engineering Field 


Abstracts from 


An Unusual Gun has been designed 
to break out the clinker “rings” which 
form in the kilns where Portland ce- 
ment is calcined. In the kilns, which 
are about 200 feet long and 15 feet 
in diameter, a ring of clinkers often 
forms and grows across the kiln leav- 
ing an opening of only two or three 
feet in some cases. Formerly, this 
was removed by the manual labor of 
seven or eight men at the end of 
long bar. They often required as long 
as ten hours to remove the obstruction, 
during which time the machine was, 
of course, inactive. 

Some attempts have been made 
the past to shoot these out with rifles 
and machine guns, but the bullets had 
too much penetrating power to do any 
real good and frequently damaged the 
machine. ‘The new gun has a thirty- 
inch barrel with an eight gauge bore, 
and consequently dev elops about 125 
feet per second higher velocity than 
a shorter barreled gun. It shoots a 
solid cylindrical slug weighing 3 ounces 
of a lead alloy designed to resist frag- 
mentation at the instant of impact, 
thus delivering a smashing blow. It 
also reduces to a minimum any possi- 
ble damage to the firebrick lining of 
the kiln. The gun is only used to 
shoot out a section of the ring. The 
machine is then started and the rest 


falls free. 


The Single- Wheel Amphibian 
Airplane has marked advantages over 
the two-wheel plane so popular today. 
It has been designed by the makers 
of the Loening Amphibian, an out- 
standing transport plane, 
several of which were 
used by Army aviators on 
the recent flight to South 
America. 

The present Amphibi- 
ans have a_ two-wheel 
landing gear, which must 
be drawn up into the cen- 
tral pontoon by a compli- 
cated mechanism before 
the ship can be landed on 
the water. It is pointed 
out that the use of a sin- 
gle wheel will greatly 
simplify this operation and that it will 
make the operation of the plane on 
land similar to that of a single float 
seaplane on the water. 

In order to give the underlying prin- 
ciple a practical test, an old training 
plane was mounted with a single-wheel 
landing gear, and was found to be 
highly satisfactory. 


the leading professional and trade journals 


A Synthetic Wood from rubber is 
the latest achievement of a large con- 
cern of the Middle West. The new 
product has already been used experi- 
mentally in airplane fuselages, speed- 
boats, and pontoons. ‘Thus far, results 
have been more than satisfactory. 

The material can be worked the 
same as wood, and in some cases, the 
making of complicated scrolls is even 
easier. It can be attached to frames 
with nails or screws without danger 
of splitting. 

As rubber softens when heated, so 
can this “wood” be melted and mold- 
ed at the temperature of boiling wa- 
ter. It retains its shape when cooled 
without any loss of its original ten- 
sile strength. It likewise retains the 
natural flexibility of rubber, and it is 
claimed that a fuselage made of this 
absorbs all landing stresses and checks 
the consequent strains. It is thus able 
to withstand strains of large forces 
and in some cases it has ‘shown itself 
to be four or five times as strong as 
wood of equal dimensions. 

Laboratory experiments have shown 
that it absorbs only 1% of moisture 
when immersed in water maintained 
at a temperature of 70°F for seven 
weeks. The product also resists the 
corrosion of sea water, and it is said 
that barnacles will not attach them- 
selves to it. 


A Self-locking Lock Nut has been 
designed which locks itself onto bolts 
having U. S. standard threads, yet it 
has no moving parts. The nut can be 
taken off the bolt without ruining the 
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The single wheel is a notable change from present design 


thread, only requiring slightly more 
pressure to unscrew than to tighten 
The location of the pitch line in the 
nut is the same as in a U. S. Standard 
bolt thread. The thread form inside 
the pitch line is the same as the U. S. 
S., while outside the pitch line the angle 
of the threads is slightly changed. The 
lead being true U. S. S., and the helix 
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AMPHIBIAN AIRPLANE 


angle being constant, the nut does not 
spoil the threads on the bolts. 

The nut is applied the same as any 
other ordinary nut, started with the 
fingers and tightened with a wrench. 
Because the locking device is worked 
in the nut itself it is impossible for 
a workman to change its locking value 
wilfully or negligently. 


A Sounding Instrument known as 
an electric depth indicator is being 
tried out by the United States Coast 
and Geodetic Survey. A reading of 
the instrument is made by Gubiing 3 a 
rod down into the sounding tube until 
it comes in contact with the water. 
This completes a circuit and causes a 
loud click in the observer’s headphone. 
As the rod is pushed down, its depth 
is recorded by a revolving dial which 
is attached to a scale reading directly 
in fathoms. 

It is to be used in measuring the 
depth to which the sounding tubes have 
been lowered, and replaces the old 
type rod and scale used heretofore. 
The instrument is entirely self con- 
tained, and is attached to the top of 
a sounding tube by means of a bay- 
onet joint. 


A New Type of Safety Lamp 
for use in mines has been exhibited 
in Vienna. It is an electric light in 
which the filament is made up of 
series of semi-circular loops of palla- 
dium. The bulb is sealed with a disc 
of porous stone. The base fits in a 
standard socket. When the atmos- 
phere is normal, the ends 
of the filament are dark 
red; but when methane 
gas—the deadly fire damp 
is present in the air, the 
center of the filament be- 
comes brilliantly incan- 
descent. With 6 per cent 
or more of methane pres- 
ent, the center of the 
filament continues to glow 
even after the current is 
turned off. It is expected 
that the lamp will prove 
a distinct improvement 
over present safety devices and that 
it will have a wide application. 


The Etchegoin-Causan Engine, 
departing radically from the custom- 
ary design, is a development of French 
engineers. ‘The construction is four 
horizontal cylinders, eight pistons, and 
two crankshafts, one on each end of 
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the cylinder. The firing 
and compression chamber 
is the gap between the two 
pistons when at their upper 
dead point. The firing is 
accomplished by a spark 
plug in the middle of the 
cylinder. The cycle is two 
stroke and the gas is fed 
through a Roots-type ro- 
tary blower equipped with 
a by-pass to allow econom- 
ical operation at normal or 
low output. When run- 
ning at a high output the 
blower maintains complete 
scavenging of the cylinders. 

The scavenging and 
feeding of the cylinder is 
effected through intake and 
exhaust ports located at each extrem- 
ity of the cylinder and opened by the 
pistons themselves. ‘The regulation of 
distribution is accomplished either by 
the proper staggering of the two crank- 
shafts to control the position of the 
pistons, or by the location of the ports 
themselves. 

With this method of feeding it has 
been found possible to run the motor 
at 4400 r. p. m. and still obtain perfect 
scavenging and filling. The thermal 
efficiency is at a maximum on account 
of the shape of the combustion cham- 
ber. ‘To improve ignition, the cylin- 
der may easily be supplied with addi- 
tional spark-plugs. From the view- 
point of inertia of the moving ele- 
ments, the engine may be considered 
to have eight cylinders, yet from the 
viewpoint of heat losses through the 
walls, it can be considered as having 
only its true four cylinders. Its sim- 
plicity of construction makes it verv 
reliable and suggests its use as an air- 
plane engine. Furthermore, it is be- 
lieved entirely possible to make the 
motor air-cooling. Due to its shape, 
it would be ideal to put in the wings 
of a plane, thus reducing air friction 
considerably. 

The engine was used in the boat 
which won the Auto-Nautique of 
France, and in a bench test developed 
120 Hp. for six hours despite the fact 
that the total cylinder displacement 
is only 91.5 cu. in. 


Illuminating Gas has found an 
important use in the oxygen blowtorch 
for the cutting of metals. In this re- 
spect, it replaces acetylene, hydrogen, 
and several other fuel gases, and pro- 
duces a flame which makes great rap- 
idity of work possible. Its chief ad- 
vantages are availability, elimination 
of delays and handling of tanks, low 
cost, safety, and chemical and physi- 
cal properties which will permit the 
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SECTION DRAWINGS OF FOUR CYLINDER, EIGHT PISTON ENGINE 


With a rotary blower, it develops 120 h.p. with a displacement of 91.5 cu. in. 


use of the gas in a torch equipped with 
a superheater, thus effecting a marked 
saving in the amount of oxygen re- 
quired at the jet. 


The Electric Steam Boiler is the 
outcome of attempts to utilize tempo- 
rary excesses of electric power which 
occur when there are wide variations 
of load. A unit recently installed in 
Canada consisted of three identical 
tanks, about ten feet in diameter and 
slightly more than ten feet high, in 
which were suspended a number of 
metallic electrodes. 

If the tank is empty, nothing hap- 
pens. When water comes in contact 
with the electrodes it conducts the 
current. Being a poor conductor, the 
water offers considerable resistance to 
its passage, and the electric energy is 
transformed into heat. ‘The unit is 
designed to operate at 13,000 volts, and 
has a capacity of 32,000 kilowatt 
hours. The current is led directly in- 
to the boiler shell by means of cables 
and conductors and in this three-boiler 
unit, each tank takes a single phase 
of the three phase supply. The in- 
stallation is capable of generating 100,- 
000 pounds of steam per hour at the 
required pressure, and is the equiva- 
lent of 3,200 horsepower. 

Practically all of the electrical en- 
ergy is converted into steam. The 
tanks are well heat insulated, and for 
long periods it is possible to obtain a 
thermal efficiency of over 98 per cent. 
Since the amount of water in the boil- 
ers at any one time is small, to get up 
to a steam producing load is but a 
matter of a few minutes. The care of 
the installation is very simple, and re- 
quires but one man, who could take 
care of several other units at the same 
time. 

It can be seen from the simplicity 
of construction, that the cost of build- 


ing such a boiler unit is much less than 
the cost of an ordinary fuel-burning 
boiler. It is adaptable, however, only 
where large supplies of cheap electric- 
ity are available. . Some installations 
are operated continuously, others are 


used where temporary excesses of 
power occur, and are then tied in 
with the regular steam producing 


plant, thus making it possible to shut 
down on some of the fuel-burning 
steam equipment and make use of the 
electrical energy. An electric boiler 
installation would be of particular 
value to a plant buying a large “block” 
of power while unable to maintain a 
steady power demand at all times. 


Use Found for Static. The old 
problem of static which has proved so 
troublesome to wireless communica- 
tions has at last been put to work. It 
is being used as an aid to mariners in 
guiding them away from danger in 
the form of a hurricane or a kindred 
atmospheric disturbance. By means 
of static, the operator can tell the prox- 
imity, intensity, and direction of the 
storm. 

This development is due to the fact 
that operators, aboard the U. S. S. 
“Kittery”, discovered that interference 
due to static was always intensified 
when a tropical storm swept across the 
path of wireless communication, and 
the degree of this interference was 
found to be a reasonably accurate 
gauge of the nearness and severity of 
the hurricane. By checking up the di- 
rection in which the reception was 1m- 
paired, it became a fairly simple thing 
to establish the position of the storm 
center. Recording instruments are 
now in the process of development that 
will automatically register the disturb- 
ances, and indicate rapidly the location 
and general character of the atmos- 
pheric disturbance. 
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MIRACLES AND APPLIED 
MECHANICS 
Construction engineers that de- 
signed the hot air registers for the 
Pleasant Unity Sunday School of 
Latrobe, Pennsylvania, little knew 
that they would be instrumental in a 
disastrous Bible illustration. In Time 
it appears that “One of the teachers 
was stirringly telling her pupils of 
biblical visions and miracles, pouring 
gospel truth into their readily con- 
vincible ears. Suddenly she vanished. 
Pupils gasped and stared at one an- 
other. One little girl screamed. Those 
near the teacher knew that there had 
been no miracle. A floor register had 
fallen through, with the _ teacher 
" aboard it. In the basement they took 
the pipe apart and freed her.” 


GOD SAVE THE ENGINEER 

From the Science News Letter we 
find that “they wiped out the forests 
from the upper end of the Mississippi 
valley, and that let loose heavy spring 
floods. They build wing dams in the 
river to control the floods, and that 
threatens to take the pearl buttons off 
our shirts. For the pearl button in- 
dustry of the United States, well over 
a million-dollar affair, centers around 
Muscatine, Iowa, and depends on the 
shells of the river mussels, more often 
called river clams, that formerly 
abounded on the muddy bottom of the 
Mississippi.” So momentous has be- 
come the problem that it was investi- 
gated by Professor N. M. Grier who 
found that the mussels were being 
smothered by deposits of sediment. 
Closed season has been recommended 
by Professor Grier to allow the mus- 
sels to “get on their feet again.” 


APPLIED BEAM THEORY 


A Tech Man who went wrong was 
engaged in raising chickens. The 
only thing he didn’t like about it was 
that the roosters woke him up every 
morning at four A.M. Not wishing 
to lose all the sleep he determined to 
find out the working forces. 

After watching them for some time 
he discovered two things; Ist, that the 
roosters apparently crowed in their 
sleep without getting off the roost; 
2nd, the rascals stretched their necks 
tremendously. By putting a low 
beam over the roosts he prevented the 
male species from stretching their 
necks so that they would have to get 
off their roosts to crow. 

The roosters being as lazy as he, 
decided to sleep and let sleep. 








Here and [here 


“Perhaps the Engineer is human” 


THE ENGINEER A DOG- 
CATCHER 

In spite of our efforts in keeping 
stories like this away from the pub- 
lic, our readers are merciless, and de- 
mand that we print all. We only hope 
that in an over enthusiastic moment 
we do not overstep the purpose to 
which this page is dedicated; that we 
do not show the engineer to be inhu- 
man while we are trying to portray 
him as a human. 

In Pittsburgh, public service en- 
gineers have devised a machine that 
promises to rid the town of stray dogs 
within a month. A motor truck is 
driven from street to street with a 
large sign on it “Society for the Pre- 
vention of Cruelty to Animals.” Let 
us assume we are in the wagon. We 
see a poor old mother dog across the 
street, with long shaggy ears and 
glistening, eager eyes. We cannot 
help feeling that she has a large fam- 
ily of puppies at home, tensely 
awaiting the return of mother. But 
we see she has no collar around her 
neck nor a muzzle on her nose, so she 
must die. We go out and bring her 
back, a captive. The lid to an air- 
tight box, through which the exhaust 
gases of the engine pass is raised and 
the dog placed in it. Within ten 
minutes the poisonous carbon dioxide 
has efficiently and_ inexpensively 
accomplished the same thing that the 
city pound used to do. 


A HOT CROWD 


It. is a well-known fact that the 
heating and ventilating of theatres is a 
serious proposition. The main diffi- 
culty is that the amount of refrigera- 
tion required is directly proportional 
to the hotness of the picture. It can 
well be seen that this is a very vari- 
able quantity. An expert on heating 
and ventilating was once accused of 
calculating the thermal-efficiency of 
Greta Garbo. 

In all seriousness, the problem of 
taking away the heat generated by a 
crowd of people (said to be as much 
as 500 B. T. U. per hour in a crowded 
medium-sized theatre) is a very real 
one. We hear that the latest device 
to make use of this heat is a thermo- 
train. The principle is very simple. 
The car is tightly sealed and as soon 
as it is crowded the double doors are 
shut. The people, amusing themselves 
by reading “La Vie Parisienne,” 
finally generate enough heat to run 
the engine placed in the front of the 
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car. The B. & M. will undoubtedly 
have ten of these on the road by 
May thirtieth. 


ONLY FOR SCIENCE 


Ever watchful science, according to 
an account in Science News Letter, 
has perfected a new means of being a 
little too watchful. Dr. Emil Boger, 
of the University of Cincinnati, has 
recently brought forth a strictly chem- 
ical test for drunkenness. So success- 
ful has the test been that not only can 
the judge see a man’s mistake when 
he says, “I didn’t have a drop,” but 
he can tell almost how many drops the 
culprit “didn’t have.” Physicians 
attending tests expounded upon how 
useful it would prove in distinguish- 
ing between persons injured exhibiting 
symptoms of intoxication, and those 
actually under liquid complexes. 


Test Given to Breath 


“The apparatus used is exceedingly 
simple and direct. The alcoholic 
suspect is persuaded to blow up a 
balloon. The sample of his breath 
thus obtained is passed through a 
solution of potassium dichromate, 
which changes from yellow to green 
depending upon how much alcohol the 
breath contains.” 

But that is only incidental. We 
believe Dr. Boger knew what he was 
doing, however, when he devised a 
means of calibrating the apparatus. 
“A group of scientific martyrs com- 
posed of physicians and _ internes 
imbibed measured amounts of alcohol, 
and allowed tests to be performed on 
them. It was found, among other 
very startling things, that the test does 
not reveal the amount of alcohol 
tucked away, but it does accurately 
tell the amount absorbed by the body. 
In fact, one subject became only 
mildly intoxicated after drinking a 
half-pint of pure alcohol.” 


Intoxication Scale Devised 


“Dr. Boger, from his apparatus and 
tests, has devised a scale of alcoholic 
intoxication. When the breath con- 
tains less than one-tenth of one per 
cent, the person is ‘dry and decent’; 
one to two-tenths per cent, ‘delightful 
and devilish’; two to three-tenths per 
cent, ‘dizzy and delirious’; four to five- 
tenths, ‘dazed and dejected’; more 
than: half of one per cent, ‘dead 
drunk.’ More than half of one per 
cent is likely to cause death.” 

“I conducted these tests in the 
interest of science,” Dr. Boger has 
been heard to say. 
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HE man who wins a race can’t afford to 
get complacent over it. His next step is to 
improve on his own running time. 

The electrical communication industry in 
America ranks first in the world, with excep- 
tional facilities for research and constructive 
work, 

But the men in this industry are never satis- 
fied to let it go at that. No process, no matter 
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Recent Books 





T his departm ent conducted in co-operation with the faculty 


History of the Sciences in Greco- 
Roman Antiquity. By Arnold Reymond, 
Professor of Philosophy at the Univer- 
sity of Lausanne. (Translated by Ruth 
Gheury DeBray) E. P. Dutton and Co., 
N. Y., 239 pp. with 40 diagrams. $2.50. 


This work is a profound investigation into 
the scientific knowledge which, having sprung 
from older generations, finally focused in an- 
cient Greece and Italy. It opens with a short 
analysis of the Mathematical, Astronomical as 
well as the Physical and Natural Sciences in 
ancient Egypt and Chaidea. The information 
which ancient Greece has left us concerning 
the scientific knowledge of Oriental nations 
amounts to little. The characteristic which 
distinguishes Egyptian mathematics from 
Chaldean mathematics corresponds to a differ- 
ence in the practical uses to which this sciente 
was put. The same distinctive feature appears 
again in astronomy. 

The first part of the book proper gives an 
historical outline of Greek and Roman Science. 
The Hellenic Period from 650 to 300 B.C. was 
the first period discussed. The beginnings of 
this period are marked by an_ intimate 
scientific, cosrnogonical and 
considerations. The ancient 


mingling of 
philosophical 
philosophy of Ionia, often given the name of 
Hylozoism, was first discussed. Its chief 
characteristic is the inseparable connection 
between matter and life. The beliefs of 
Pythagoras and his School and the Eleatic 
School are briefly discussed. In the Eleatic 
School, Xenophanes is generally considered 
the foremost representative. His cosmology 
is not of great scientific interest for his aim 
was primarily to discredit anthropomorphic 
conceptions of the divinity. Being convinced 
that men made God in their own image, 
Xenophanes affirmed the existence of a God, 
one, eternal, immovable who, seeing and 
hearing all, governs all things. After tracing 
the Atomistic tendencies, the Medical and the 
Exact Sciences of the fifth and fourth centuries 
were discussed. 

Chapter II of this deals with the Alexan- 
drian Period from 300 B. C. to the first cen- 
tury of the Christian Era. If the conquests 
of Alexander the Great caused Greek language 
and science to penetrate into the East, they 
also brought about an upheaval of existing 
conditions. Greece lost her creative original- 
ity at the same time as her p6litical auton- 
omy. Athens certainly remained the seat of 
the philosophical schools, but in reality other 
towns, foremost amongst them Alexandria, be- 
came the centres of intellectual life. In the 
Mathematics, Physics and Mechanics of this 
period such great men as Euclid, Archimedes 
and Apollonius led the thinking. The ad- 
vances in Geography, Astronomy, Medicine as 
well as Natural Sciences were treated in the 
section. Chapter III deals with the sciences 
in the Greco-Roman Period which began 
after the Christian Era and extended down to 
the Sixth Century A.D. 

Part II of the book deals with principles 
and methods. The Mathematical Sciences 
appear in the first chapter. The purpose and 
scope of Greek Mathematics is explained. 
Arithmetic, Algebra and V2 are discussed. 
The arguments of Zeno of Elea and the Ele- 
ments of Euclid are presented. Chapter II 
deals with the Meteorological ideas, physical 
and mathematical hypotheses developed in 
Astronomy during that period. The technical 
inventions and physical concepts in Mechanics 
and Physics forms the introductory material 


of Chapter III. This chapter deals also with 
Aristotian Dynamics, Statics and Archimedes. 
Chapter IV deals with the Chemical and 
Natural sciences. This is followed by a con- 
clusion and a bibliography. 

As the author is a philosopher as well as a 
man of science, he has added to the under- 
standing of the subject by employing an 
atmosphere of philosophy in which to throw 
into relief the tendency of Hellenic science, 
the curve of its growth, and its destiny. 

The discussions and _ descriptions show 
clearly the utility of a work as _ skilfully 
adapted to its object as this which is being 
presented to the public. Thanks to it, our 
men of letters will have the means of com- 
pleting and rectifying their knowledge of 
antiquity, supporting it by an understanding 
of the mental substructure which will enable 
them at last to appreciate the order and solid- 
ity of the whole edifice. But it is addressed 
also to the young men of science. From lack 
of official institutions in harmony with a gen- 
eral survey of human knowledge, they are, for 
the most part, left in ignorance of the history 
of science, incapable of following the way 
opened up by our compatriots. The book is 
not technical. It explains in simple concise 
statements the whole field of science in 
Greco-Roman Antiquity. 


Swoope’s Lessons in Practical Elec- 
tricity. Rewritten by Erich Hausmann. 
D. Van Nostrand Company, New York, 
1927. Cloth, 6x8 inches, 694 pp. illus., 
diagrams, tables. 


This book has run through seventeen edi- 
tions since the original one was written by 
C. Walton Swoope in 1900 for students in 
practical electricity at the Spring Garden 
Institute in Philadelphia. 

It offers in an easily understandable form, 
for the especial use of practical men, the 
fundamentals of a working knowledge of the 
circuits and apparatus with which they deal. 
It can therefore be understood by the beginner 
or one who lacks the mathematical training 
for a more theoretical work. This is accom- 
plished in the following manner: 

First, the descriptions of the behavior of 
circuit or apparatus that is in the realm of 
the practical man are clear (sometimes not 
rigid in theory) and graphic. 

Second, wherever possible the description of 
an experiment illustrating the point is added. 
Third, diagrams of actual circuits with values 
of the circuit conditions written on the 
branches are freely used. Fourth, numerical 
examples are worked out in full to illustrate 
quantitatively the principles explained qualita- 
tively. A set of questions follows each chap- 
ter as well as a number of problems. Arith- 
metic only is involved. 

The book is arranged in short chapters, each 
one called a lesson, dealing with some particu- 
lar subject matter generally completed in the 
lesson. Cross references to other lessons are 
freely used throughout the text to more com- 
pletely unify the work. 

The simpler magnetic and electric circuits 
are treated and these are woven in with 
primary and secondary batteries and effects 
of the electric current. Ordinary instruments 
and measurements are then treated and 
especially the watt hour meter. Next are 
given the principles underlying electrical ma- 
chinery and direct and alternating current 
machines are treated in turn. The book closes 
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with chapters on Vacuum tubes and radio 
transmission and reception. 

The book is well arranged with suitable 
chapter headings, and ample contents and in- 
dex make it convenient for reference. It is 
recommended for the use of those who do not 
wish to refer to the more ‘theoretical works 
that require a knowledge of mathematics for 
their reading. It will be found particularly 
suitable for the artisan who wishes to learn the 
arithmetic and fundamentals underlying his 
work in electricity. 


Self-Instruction for Students in Gas 
Supply, by “Mentor.” Elementary Vol- 
ume, 4th edition, 234 pages. Advanced 
Volume, 3rd edition, 246 pages. Price of 
each Volume is $3.00. D. Van Nostrand 
Co., New York City. Illustrated. 

These books were written in England in an 
effort to offer suitable training for men desir- 
ing to take the several examinations of the 
City and Guilds of London Institute, in the 
phases of gas supply. 

The system followed in both books is that 
of presenting a large number of specific ques- 
tions on the subject, and giving the answers 
thereto. The Elementary text was written to 
assist students who are planning to equip 
themselves with a knowledge of the principles 
and practices of gas supply, more particularly 
as applied to the examinations, given by the 
Institute, in gas supply and gas supply prac- 
tice. The writer makes it distinctly under- 
stood that he does not desire to publish a work 
that will assist in anything in the nature of 
a cramming operation. The book is meant as 
a supplement to recognized texts in these 
subjects, and should not be used’ except after 
the student has read most of the authoritative 
works on gas supply, and endeavored to 
answer the questions out of this experience. 

The point is also made that the student 
should give due consideration to the more 
recent technical papers and inventions as they 
appear from time to time in the press. 

The second Volume, that _ entitled 
“Advanced,” is a continuation and extension 
of the Elementary text, and is intended for 
the use of the student preparing for the higher 
examinations, especially for the examination 
for the Diploma of the Institution of Gas 
Engineers in Gas Supply. 

The same method has been followed in pre- 
senting the second Volume that was used in 
the first. A more extended list of standard 
reference texts is given and the student again 
is earnestly urged to read these, prior to his 
work with the questions. However, much 
valuable information that is not obtainable in 
the text book is contained within the pages 
of this book. Numerous illustrations, graphs, 
and tables of data on the more essential points 
are given. 

In both Volumes are given very complete 
syllabuses of the several examinations. While 
these are not to be taken as the strictly official 
requirements, yet the author has been very 
careful to include the many points that must 
be covered. Both books are well arranged in 
their makeup. The interdependent factors 
have been, wherever possible, grouped together 
in Chapters. The handling within the individ- 
ual Chapter is such as to develop in a most 
comprehensive way the treatment of the entire 
subject. It is felt by the reviewer that a 
careful following of the author’s instructions 
for the use of these texts can not but result 
in a comprehensive and thorough knowledge 
of the subject. 








‘125 VYEAMB2OF LEADERSHIP 


VER two million cubic yards of rock 

blasted literally from under the very 

feet of New Yorkers—without even jarring 
their famous metropolitanism! 


Since the adoption of plans for the Eighth 
Avenue Subway in 1925, contractors under 
the direction of the New York City Board of 
Transportation have been busily blasting a 
57-mile tunnel under the most congested 
traffic centers of Manhattan and Brooklyn. 


Steam shovels and motor dump trucks crawl 
over and under and in between a labyrinth 
of tubes, tunnels, gas and water mains 
Small charges of du Pont explosives, aggre- 
gating many tons, are being fired under the 
rumble of great trucks, scurrying taxis, and 


THE TECH ENGINEERING NEWS 








hurrying pedestrians, with all the safety pre- 
cautions prescribed by the city. One of the 
many wonders of this wonderful city. 


When completed, this subway will contain 
170 miles of track—more than doubling the 
subway facilities of New York. The cost 
of construction will be approximately 
$400,000,000. The entire cost of this great 
subway is estimated at a half billion dollars 
—one of the most remarkable enterprises 
in the history of city government. 


Du Pont laboratories, du Pont engineers and 
field service men are working constantly 
with users of explosives, making available 
the knowledge and skill of 125 years of 


explosives experience. 


E. lI. DU PONT DE NEMOURS & CO.,, Inc. 
Explosives Department 


WILMINGTON, DELAWARE 


IN THE SERVICE OF INDU 
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fibres, sometimes attain 5 or 6 inches 
in length. The veins disseminate ir- 
regularly in every direction in the ser- 
pentine and extend sometimes a hun- 
dred feet or more. 

While the Crude, or vein Asbestos, 
is the most valuable by weight, the 
flaky fibrous substance that impreg- 
nates the rock in Asbestos deposits 1s 
found in much larger quantities than 
the Crude, and makes up the greater 
part of the production. This is gen- 
erally known as Fibre, or Mill Asbes- 
tos. 

The natural qualities of the asbes- 
tos ore vary considerably in different 
localities, and methods of treatment 
vary accordingly. The general princi- 
ples, however, are essentially the same. 
Of the total rock mined in the Cana- 
dian areas, from 30 to 60 per cent. 1s 
suitable for milling, the percentage of 
waste having been greatly reduced by 
the introduction of mechanical dress- 
ing; and of the rock sent to the mill, 
from 6 to 10 per cent. is fibre. 

While generally referred to as “As- 
bestos Mining” the Canadian devel- 
oped deposits are nearly all worked as 
open quarries. As practically the en- 
tire mass of rock has to be removed, 
quarrying is the cheapest method. Un- 
less the deposits are very rich in the 
longest grades of fibres, underground 
mining is too costly. 

The different quarries vary in size 
and shape. Some of the larger ones 
at present worked, are from 1000 to 
1500 feet in length, with an approxi- 
mate average width of 300 to 400 feet 
and in some instances, a depth of 200 
feet. So far, the depths of these Cana- 
dian deposits have not been finally de- 
termined, but asbestos has been found 
at a depth of 400 feet. It is nearly 
impossible to test by diamond drilling, 
owing to the fibrous nature of the 
rock. 

Eighty-five per cent of the world’s 
production of asbestos comes from two 
points in Canada, both in the province 
of Quebec, one known as the Thetford 
and Black Lake district, the other 
as the Danville district. ‘The largest 
mine in the Danville district covers 
about 500 acres. The outcroppings of 
asbestos-bearing rock so far developed 
cover about 100 acres of this area, and 
the main pit or quarry on the property 
is 1,500 feet long, 600 feet wide, and 
200 feet deep. 

As practically the whole mass of 
rock has to be mined, the operations 
are carried on in open pits or quarries. 
Consequently, the expense is largely 
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increased when severe storms of rain 
or snow prevent the carrying on of 
the work in these open pits. On ac- 
count of the severe weather condi- 
tions in Canada, there is very little 
production from December to April. 

To produce 100 tons of fibre of vari- 
ous grades, it is necessary to quarry, 
blast, hoist, and put through the mills 
2,000 tons of rock. To handle this 
quantity of rock requires 12 locomo- 
tives, 4 steam shovels, 20 miles of 
track, 22 derricks, 300 cars, and 3,000 
horse-power to operate the mills, which 
represent an investment of more than 
two million dollars. 


Mining consists first in the removal 
of sand, clay and gravel over-burden. 
This over-burden is a hard-packed 
conglomerate, an almost impervious 
mass consisting of a very tough clay 





Workman drilling preparatory to re-blasting 
large fragments of asbestos-bearing rock. 


filling in the spaces between the par- 
ticles of sand and gravel. It is diffi- 
cult to dig because the teeth of the 
steam shovels, which are used for the 
purpose, frequently scratch and claw 
at the hard surface presented without 
getting a good bite, and often when 
they do get a good grip, the material 
is so hard and unyielding that the 
shovel will break before it will dis- 
lodge a good load. It is easily seen 
that the removal of over-burden of this 
character is attended with consider- 
able expense. 

After the over-burden is removed, 
the next step is blasting the rock. The 
chief distinction between an asbestos 
mine and an ordinary quarry is that 
the chief object of the mining is to 
shatter the rock as much as is practic- 
able, rather than to merely cleave it 
into blocks of more or less uniform 
size and shape. Due to the peculiar 
geological arrangement, the planes of 








May, 1927 





cleavage intersect at angles which ren- 
der blasting very difficult. From the 
face of a vertical cliff for instance, the 
horizontal (or so-called horizontal) 
planes of cleavage actually slope 
downward and backward, so that when 
a blast has exploded some 6 or 8 feet 
back of the face, there is a tendency, 
if the rock is not completely shattered, 
for it to settle back in these sloping 
cleavage planes without being dis- 
lodged. 

Of course, the blasting is preceded 
by the usual drilling with air drills. A 
special note might be made of a drill 
rig peculiar to the region which con- 
sists of a derrick frame with vertical 
guides between which the hammer 
mechanism slides and rests upon the 
drill rod, so that, as the drill rod pene- 
trates the rock, the drill by its own 
weight slides down between the guides 
and follows up the work, giving con- 
tinuous or approximately continuous 
operation for runs of about 6 feet. 
This drill will make holes at the rate 
of 12” a minute under favorable cir- 
cumstances, and will easily average 8” 
a minute, day in and day out. Com- 
pressed air is usually used for drilling. 
The depth of holes drilled range from 
8 to 15 feet, according to conditions. 


The holes are filled with dynamite 
and exploded by electric batteries. The 
larger pieces of serpentine rock result- 
ing from blasts are again drilled and 
exploded by similar process. 

When the rock is thus broken up, 
it is rough-sorted at the quarry. Two 
or more grades are selected according 
to the length of the fibre and are then 
sent on to the “cobbing sheds”, where 
the further process of dressing goes 
on. ‘This process is merely the separ- 
ation of the asbestos fibres from the 
country rock, and is done in some 
cases by hand but to an increasing 
extent by machine. Hand-cobbing is 
the very simple method of breaking 
the asbestos from the stone by small 
sledge hammers, throwing the fibre 
into one box and the waste into an- 
other. This separation is ordinarily 
not difficult, since the fibre lies in lay- 
ers more or less loosely clinging to 
the rock, and can frequently be picked 
off with the fingers. The crude fibre, 
thus separated as cleanly as possible 
from the waste rock, and looking very 
much like mineralized wool, is packed 
in 100-pound bags, in which form it 
goes to the market and the manufac- 
turer. 

The rock from the dumping cars is 

(Continued on page 186) 
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Recognition, Reputation, Repetition 


UST a quarter of a century ago 
| four young men, with a broad 
| background of training and experience 
in the engineering construction field, 
formed The Foundation Company. 
Today the company is at work in 





every continent, in both hemispheres, 


and on both sides of the Equator, on 





engineering construction of almost © Hamilton Maxroll, In, N.Y. | 
OVER FIFTY OF THESE LARGE BUILDINGS REST ON FOUNDATIONS | 
every known type. BUILT BY THE FOUNDATION COMPANY IN NEW YORK 





|B eepaae the early years the activ- 

ities of this organization were | 
centered on Manhattan Island and | 
principally on its southern tip where | 
foundation work was most difficult; 
now, subways in England, river con- 
trol and land reclamation in Greece, 
bridge piers in Japan, a power plant 
in Venezuela, dredging in Colombia, 
and general construction of all kinds 
in Peru, are some of the many under- 
takings of magnitude engaging The 
Foundation Company, all over the 















WATER PIPES BEING LAID BY THE FOUNDATION COMPANY ld 
FOR THE MUNICIPALITY OF CUZCO, PERU worid. 








A S indicative of the service rendered by The Foundation Company over this 
period of years, these partial lists of repeat contracts have + ssa signifi- 
cance. In one case no less than thirty contracts have been awarded by one owner. 








CLEVELAND CuiFrs IRON Co. PENNSYLVANIA RAILROAD U. S. GOVERNMENT 
Mine Shaft 1909 Bridge Piers 1913 Navigation Dams 1911 
Power House 1911 Bridge Piers 1917 Gun Shrinkage Pits 1917 
Power Dam 1917 Pumping Stations 1918 War Construction 1918 






THE FOUNDATION COMPANY 


CITY OF NEW YORK 







Office Buildings Hydro-Electric Developments 
a Plants ATLANTA LOS ANGELES MONTREAL ree Houses 
Warebouses PITTSBURGH MEXICO CITY LONDON, ENGLAND pty, 
Railroads and Terminals ¥ River and Harbor Developments 
Foundations and Underpinning CHICAGO CARTAGENA, COLOMBIA BRUSSELS, BELGIUM Bridges and Bridge Prers 
Filtraticn and Sewage Plants SAN FRANCISCO LIMA, PERU TOKYO, JAPAN Mine Shafts and Tunnels 





BUILDERS or SUPERSTRUCTURES As WELL AS SUBSTRUCTURES 
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mining the bauxite. Blasting is done 
with black powder or dynamite. 
Loading is done with small steam 
shovels if the uniformity of the de- 
posit permits. If the ore is spotty 
and full of clay pockets and stringers, 
it must be loaded by hand. 

The above description applies to 
deposits which can be mined by 
stripping. In some deposits, the over- 
burden is so heavy that it is more 
economical to mine by shafts and 
tunnels. 

The bauxite is next shipped to the 
ore plant, where it passes through the 
well-known Bayer process of purifica- 
tion. The ground bauxite is treated 
in digestors with caustic soda solu- 
tion, which dissolves the alumina as 
sodium aluminate, but does not dis- 
solve the other oxides present. The 
“red mud” of ferric oxide, silica, 
titanium oxide, etc., is then filtered 
out and the solution pumped to large 
precipitating tanks. There it is agi- 
tated for many hours with freshly 
precipitated aluminum hydrate, until 
a large proportion of the aluminate 1s 
decomposed and the alumina precipi- 
tated. The precipitated hydrate 1s 
filtered from the solution, washed and 
calcined in rotary kilns, emerging as 
a pure white powder, containing only 
a small amount of soda and almost 
negligible percentages of silica, ferric 
oxide and titania. 

From the ore plant the alumina 
goes to the reduction plants, which, 
for economic reasons, must be located 
where large blocks of cheap, continu- 
ous electric power are available. The 
reduction furnaces consist of steel 
plate boxes lined with carbon. The 
electrolyte is essentially cryolite, either 
the natural mineral found in Green- 
land or the synthetic product. Cryo- 
lite melts at about 1000° C. and in a 
molten condition dissolves alumina 
quite readily. The cryolite in the 
carbon lined furnace is kept molten 
by heat generated by the passage of 
the current, which at the same time 
electrolyzes the alumina in solution. 
Molten aluminum, being heavier than 
the electrolyte, collects in the bottom 
of the furnace, which forms the 
cathode, and is tapped out from time 
to time. The oxygen produced by 
the electrolysis units with the carbon 
anodes which are consumed at a rapid 
rate. The manufacture of carbon 
electrodes practically free from 
metallic impurities is an important 
branch of the aluminum industry. 

In fact, the cost of pure materials 
is one of the large elements in the 
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cost of aluminum. Any of the com- 
mon metals, such as silicon, iron and 
copper, which are electronegative to 
aluminum, are electrolyzed more read- 
ily than aluminum and, if present in 
any of the materials entering the fur- 
nace, will be found in the product. 
The removal of metailic impurities 
from aluminum is a costly process 
and one that is used only for the pro- 
duction of special grades. 

Perhaps the most important and 
significant advance in the uses of 
aluminum during recent years has re- 
sulted from the discovery and devel- 
opment of various strong alloys. The 
distinctive feature of these alloys is 
that while they are practically as light 
as pure aluminum, their mechanical 
properties can be improved to an ex- 
ceptional degree by proper heat treat- 
ment. 

These alloys are primarily wrought 
materials. While heat treatment will 
produce some improvement in cast 
materials of the same composition, the 
maximum improvement results only 
when the cast material has been 
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spontaneously at room temperature t 
a certain extent, but the maximum 
properties can be obtained only by 
artificial aging. This is done by 
heating for eighteen hours between 
temperature limits of 310° to 320° F. 
One of the modified 17S alloys, known 
as Special 17S, behaves like 51S in this 
respect. 

25S contains approximately 4.5% 
Cu, 0.8% Mn and 0.8% Si. Heating 
and quenching for this alloy are the 
same as for 51S, but spontaneous 
aging does not occur to any appreci- 
able extent with 25S. It requires 
artificial aging for eight to fifteen 
hours at a temperature of 285° to 
295° F. 

In the following table of mechanical 
properties, the letters following the 
designation of the alloy indicate the 
temper. Thus, 25SO means 25S in 
the annealed state; 25SW means 25S 
which has been heated and quenched, 
but not aged. 25ST indicates the 
alloy which has been heated, quenched 
and aged to secure the maximum 
strength, elongation and hardness. 





MECHANICAL PROPERTIES OF STRONG ALUMINUM ALLOYS 


Brinell Hard- 
Tensile Strength Yield Point Elongation ness 500 Kg. 
Alloy Lbs. Per Sq. In. Lbs. Per Sq. In. % in 2 In. Load-10mm 
Ball 
51SO 14000-18000 4000- 6000 15-30 25-32 
51SW 30000-40000 15000-20000 20-30 55-70 
51ST 45000-50000 30000-40000 10-18 90-100 
25SO 23000-35000 7000-12000 12-20 45-55 
25SW 45000-53000 15000-30000 15-20 68-85 
25ST 55000-63000 30060-40000 18-25 90-105 
17SO 25000-35000 7000-10000 12-22 45-55 
17ST 55000-63000 30000-40000 18-25 90-105 
B17SO 20000-25000 20-28 30-40 
B17ST 42000-50000 20000-25000 20-28 65-85 
20-28 30-40 
A17SO 20000-25000 15000-20000 20-28 55-75 
A17ST 35000-45000 
Special 7000-10000 12-20 42-55 
17SO 25000-35000 
Special 
17ST 63000-70000 50000-55000 8-14 95-125 - 








worked sufficiently to obliterate the 
cast structure of the alloys. The 
three types of strong alloys in most 
common use in this country are known 
by the trade names 17S, 25S and 51S. 

17S is an alloy containing approxi- 
mately 4.0% Cu, 0.5% Mg and 0.5% 
Mn, plus the small amounts of silicon 
and iron present in commercial alum- 
inum. Several modified grades of 
17S, with slightly different composi- 
tions, are also produced for special 
purposes. 

51S contains approximately 0.6% 
Mg and 1.0% Si. After being heated 
to 970° F. and quenched, it ages 











Various theories have been ad- 
vanced to account for the phenomenon 
of aging in strong aluminum alloys. 
While no one theory is universally 
accepted, the occurrence can be ex- 
plained as follows according to the 
slip-interference theory of Jeffries. 

Certain metallic compounds, such 
as CuAl, and MgoSi, are very slight- 
ly soluble in aluminum at low temper- 
atures, but much more soluble at 
higher temperatures. When the cast 
alloy solidifies and cools, these com- 
pounds may precipitate between the 
aluminum crystals, but not in such a 

(Concluded on page 196) 
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Steel Sheets that Resist Rust! 


The destructive enemy of sheet metal is rust. 
It is successfully combated by the use of pro- 
tective coatings, or by scientific alloying to re- 
sist corrosion. Well made steel alloyed with 
Copper gives maximum endurance. Insist upon 


KEYSTONE 


Rust-Resisting 
Copper Steel 





Sheets 





Keystone Copper Steel gives superior service for roof- 
ing, siding, gutters, spouting, culverts, flumes, tanks, and 
all uses to which sheet metal is adapted—above or below 
the ground. Our booklet Facts tells you why. We manu- 
facture American Bessemer, American Open Hearth, 
and Keystone Copper Steel Sheets and Tin Plates. 


Black Sheets for all purposes 
Keystone Copper Steel Sheets 

Apollo Best Bloom Galvanized Sheets 
Apollo-Keystone Galvanized Sheets 
Culvert, Flume, and Tank Stock 
Corrugated Sheets 

Formed Roofing and Siding Products 
Automobile Sheets—all grades 
Electrical Sheets, Special Sheets 
Deep Drawing and Stamping Stock 
Tin and Terne Plates, Black Plate, Etc. 


Our Sheet and Tin Mill Products represent the highest standards of quality, and 
are particularly suited to the requirements of the mining, engineering, and general 
construction fields. Sold by leading metal merchants. Write nearest District Office. 


American Sheet and Tin Plate Company 


General Offices: Frick Building, Pittsburgh, Pa. 
District SALES OFFICES 


Chicago Cincinnati Denve Detroit New Orleans New York 


r 
Philadelphia Pittsburgh St. Louis 


Pacific Coast Representatives: UNITED STATES STEEL ProDuwcts Co., San Francisco 
Los Angeles Portland Seattle 


Export Representatives: UNITED STATES STEEL Propucts Co., New York City 
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Giving Jenkins Valves 
their final exams 


The final exam of a Jenkins 
Valve is a trial in actual 
service before it leaves the 
factory. The valve is put 
in a line, and subjected to 
pressures higher than those 
for which the valve is rec- 
ommended. 








Insistence on such thorough 
tests is typical of Jenkins 
standards of manufacture. oo. Jenkins Stand | 
Valves built for the maxi- 474 Bronze Globe Valve 
mum rather than average 

service are the result. 


Fig. 106 


There is a genuine Jenkins 
Valve for practically every 
requirement of plumbing, 
heating, power plant and 
fire protection service. 





JENKINS BROS. 


80 White Street.............+ New York, N. Y. 
524 Atlantic Avenue...,.......... Boston, Mass. Send 

Send for a booklet de- 
133 No. Seventh Street.....Philadelphia, Pa. f klet de 
646 Washington Boulevard...... Chicago, Ill. 


JENKINS BROS., LIMITED 
Montreal, Canada London, England 





scriptive of Jenkins 
Valves for any type of | 
building in which you 


may be interested. 





Always marked with the" Diamond" | 


enkins Valves 


SINCE 1864 | 
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delivered into ore bins or slides, from 
which it is fed into crushers. The first 
crushers are usually of large capacity, 
with feed openings from 24”x36" to 
30”x45”, so that large pieces of rock 
can be fed in. From the first set of 
crushers the rock passes to a second 
and sometimes a third set to reduce 
the size. The serpentine rock usually 
splits in the crushers along the line of 
the asbestos vein. ‘Thus, considerable 
asbestos is separated from the rock in 
the crushing, but the fibres are not 
opened up. As the rock is frequently 
wet, it is necessary to dry it before the 
fibres can be opened up and separated 
from all the rock particles. 

From the crushers, the rock passes 
through driers of various descriptions, 
heated by hot air or steam. 

These driers are necessary because 
of the large amount of moisture car- 
ried by the asbestos-bearing rock. The 
rock is passed through the rotary 
driers by gravity, the driers being 
slightly inclined from the feed end to 
the discharge end. From the driers 
the dried rock is conveyed by bucket 
elevators to bins. 
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Asbestos 


(Continued from page 182) 


From these bins it is fed by shak- 
ing or piston feeders to “cyclone” beat- 
ers or fiberizers. These are steel-lined 
shells containing arms on the inside, 
which arms rotate at a speed of ap- 
proximately 1700 R. P. M. and beat 
the rock into small pieces. This rep- 
resents a peripheral speed of about 
two miles a minute. 

The rock is broken in these fiber- 
izers until there is no piece remaining 
which is large enough to contain a 
commercially valuable length of fibre. 

The asbestos, owing to its compara- 
tive elasticity, does not break up easi- 
ly, but the rocks shatter and become 
sand or fine gravel. 

There are two kinds of cyclones— 
primary and secondary. The product 
of the primaries is conveyed by bucket 
elevators to bins in the top of the mill 
building. ‘The material which is re- 
jected by the screens as being too large 
passes through the secondary cyclones 
and is then conveyed by bucket eleva- 
tors to similar revolving screens and 
is kept circulating from secondary cy- 
clone to screen, until all the material 
passes through the small holes, whence 
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it is conveyed by bucket elevators to 
the high bins in the top of the mill 
building. 

There is considerable dust produced 
in the fiberizing process. ‘This dust 
is exhausted through large pipes in the 
top of the fiberizers and is sucked into 
bins or exhausted into the air. 


From the high bins the crushed and 
fiberized material goes by gravity on 
to perforated shaking screens. ‘These 
screens are flat and sloping and re- 
semble the concentrators which are 
used in ordinary ore dressing process- 
es, except that there is no water used. 
The material is fed at the upper end 
of the screen and the shaking motion 
induces the fibres to rise to the top of 
the mass, because they are lighter than 
the small pieces of stone, whence they 
are sucked away through suction 
hoods at the lower ends of the shak- 
ing screens. The heavier material 
goes by gravity to still more flat shak- 
ing screens of the same type and the 
process is continued until practically 
all of the commercially valuable fibre 


is shaken to the top and sucked away. 
(Continued on page 188) 
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INSULATION 
PROBLEMS 


are properly solved only by: 
























Selecting the right type of high grade insulation to meet the special en- 
gineering conditions. 









Second: Determining the proper thickness for maximum efficiency. 
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Third: Seeing that insulation is thoroughly applied. 





Fourth: Selecting the proper protection against atmospheric conditions, exter- 
nal injury, etc., and by sealing the insulation. 







We meet these requirements With: 
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85% Magnesia, high temperature insulation, hair felt, and cork, or a 












combination of two or more of these materials. fe 

is 

Second: Care in balancing amount of insulation against cost and efficiency. 4 
ie 

Third: Employing experts in all branches of the art. : 






Fourth: The use of Thorkote—the ideal seal and protection. 
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From the last screen the sand and 
gravel and non-asbestos-bearing rock 
goes by gravity to the bins, whence it 
is conveyed by hopper cars to the 
“tailings” dump. ‘The sand, gravel 
and useless crushed rock is called 
“tailings”, as is the custom in all min- 
ing operations. 

The fibres which have been removed 
by suction from the various series of 
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Asbestos 


(Continued from page 186) 


screens are delivered by suction pipes 
to large bins, much after the manner 
of sawdust collectors in planing mills. 
The finer particles of dust are allowed 
to escape through the top of the cen- 
trifugal collectors, but the heavier and 
more valuable fibres fall to the bottom. 
A small proportion of the dust is 
caught in bins and bagged as is. From 
these bins the fibres go again by grav- 
ity over shaking screens for a final 
cleaning. These screens have very 
large perforations for a certain dis- 
tance before the extreme lower end, 
where the suction occurs. ‘The rea- 
son for this is on account of the small 
particles of mica and possible pieces of 
magnetic ore (hematite), which might 
occur occasionally. Hematite and 
mica are particularly undesirable for 
asbestos wood—the mica because of 
its color, the hematite on account of 
its iron content. 

The final suction from the cleaning 
screens takes the fibres*to still other 
bins, from which they are again run by 
gravity to large rotary grading screens. 
These screens consist of wooden frames 
covered with various grades of wire 
cloth. In the grading screens the fibres 
are kept constantly fluffed up and agi- 
tated by baffles and partitions so as 
not to become matted together. The 
finest or smallest material, consisting 
of the shorter fibres, of course, fall 
through first. This is called grade E 
asbestos; then the next longer grade 
of fibres fall through. This is called 
D. Lastly the very longest fibres fall 
through, called C. 

These fibres are conveyed to the 
bins for each class and are bagged 
from movable spouts at the bottom of 
each bin. The peculiar feature of this 
bagging consists in the fact that the 
spouts are movable. They slide along 
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under the bins, taking either the long- 
er or shorter grade of fibre, as is de- 
sired. This gives a very close and ac- 
curate means of grading. 

The crude asbestos, which is used 
in the manufacture of textiles, is first 
run through heavy rollers, which crush 
the rock without destroying the fibre. 
The partially broken-up mineral then 
passes through separating machines, 
which automatically remove every par- 
ticle of rock from the crushed mass 
of asbestos, leaving the fibre clean and 
ready for the next operation. Other 
machines then open up or crush it 
into a fine mass. It is then ready for 
the dusting machine, which blows the 
fibre about and automatically takes 
out all of the fine dust and any re- 
maining short fibres. ‘The resultant 
product is a long, clean fibre ready for 
spinning. 

The carding machine automatically 
weighs out an exact amount of fibre 
per minute, at the same time placing 
it on a traveling apron which feeds the 
machine automatically at a certain 
prescribed rate per minute. The ma- 
chine takes the fibre, straightens it 
out, and feeds it through another part 
of the machine, which twists the fibres 
into strands of fine yarn of uniform 
quality. 

The yarn is taken to the twisting 
machines, which are regulated to make 
an exact number of twists per inch, 
according to the use to which the yarns 
are to be put. While the twisting op- 
eration is going on, the yarn is wound 
on spools. If it is to be used in the 
manufacture of cloth, it is first placed 
on a doubling machine, where hun- 
dreds of strands of yarns are wound 
upon large drums, constituting the 


warps for the looms. Individual yarns 
(Concluded on page 200) 
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One of the finest textile mills in the world, built by Wm. T. Reed Co. 
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Sullivan General Sales Conference, Michigan City Plant, January 1927 


Is this your Opportunity? 


) Bate YEAR, the Sullivan Machinery Company selects a 
number of engineering graduates to augment its sales force. 
If you are interested in sales work, this may be your opportunity. It 
is an opportunity which many young engineers have already grasped. 
Previous announcements have told you about the Company, the 
industries it serves, the equipment it manufactures. 


The Company is a large one, large enough to provide abundant room 
for you to grow in, to develop your ability, to reward you as amply as 
you may deserve. Yet it is not too large to prevent personal con- 
tacts between the younger men and the executives in charge of the 
Company’s policies and progress. 


The Company has certain standards to maintain—in the excellence of 
its products, in dealings with its customers, in its relations with its 
own people. Men for its sales staff are chosen because their record 
indicates they will help to maintain these standards. 


The new men receive factory training in the construction and use of 
Sullivan equipment. At the same time they study selling methods 
and problems. They are then given some field experience, next 
assigned to a sales office under a veteran manager, where they com- 
plete their sales training, and finally given a definite territory to 
cover. 


Pay starts when the new man begins his factory work. Salesmen are 
paid a salary and a commission on sales. The chances for advance- 
ment are good, depending largely on the ability and character shown 
by the individual. Assignment to the foreign staff is one possibility 
which appeals to some men. 


This may be the opportunity you are seeking. If interested write for 
booklet **Sales Engineering Opportunities,’’ to our general 
offices at Chicago. 
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of some of the men 
in this picture 
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interval of time, differing in this respect 
from the operations of the Bessemer 
Converter in the steel industry. In 
converter practice, a matte of 50 to 
55 per cent nickel and 25 to 30 per 
cent copper is desired: as much iron 
is to be removed and as much sulphur 
to be left in as possible, in order that 
the matte may be high grade and brit- 
tle. 

The Bessemer matte is shipped to 
the refinery at Huntington, West Vir- 
ginia, the site of which was chosen ow- 
ing to its proximity to a source of 
cheap and sulphur-free fuel. Here the 
matte is passed through ball-mills and 
ground to a fineness that will pass a 
200 mesh screen. The ground matte 
is then fed to mechanical roasting fur- 
naces and the sulphur content practi- 
cally eliminated, the resultant product 
being Monel Metal oxide which is then 
smelted in reverberatory or electric 
furnaces to produce the metal from 
which Monel Metal ingots are cast. 
The composition of Monel Metal be- 
ing approximately 68 per cent nickel, 
30 per cent copper, 1.5 per cent iron, 
with small percentages of carbon, sili- 
con and manganese. 
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as being synonymous with quality. 
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The Standard . 
for Rubber Insulation 


OR nearly half a century the name OKONITE 
has been recognized in the electrical industry 


OKONITE insulation is a rubber compound con- 
taining never less than 30% by weight (over 60% 
by volume) of wild, dry, Up River Fine Para 
Rubber with no admixture of low grade rubber, re- 
claimed rubber or rubber substitutes. 

All products bearing the OKONITE trade mark 
carry with them our unconditional guarantee of 
excellence and unvarying reliability. 
OKONITE is made in but one grade. 


The Okonite Company 
The Okonite-Callender Cable Co., Inc. 


PATERSON, N. J. 


Sales Offices: New York, Chicago, Pittsburgh, St. Louis, 
Atlanta, Birmingham, San Francisco, Los Angeles, Seattle 


Pettingell-Andrews Co., Boston, Mass. 
Novelty Electric Co., Philadelphia Pa. 
F. D. Lawrence Elec. Co., Cincinnati, O. 


Canadian Representatives : Engineering Materials Ltd., Montreal 
Cuban Representatives: VictorG. Mendoza Co., Havana 
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Monel Metal 


(Continued from page 170) 


Properties and Uses 


The wide and varied uses of Monel 
Metal are due to the number of com- 
binations of qualities it affords. There 
is no application in which only one 
property of a metal is used, and the 
decision as to suitability must be 
arrived at by balancing the require- 
ments of service against the properties 
available in the proposed material. 

But a more important property, 
from the point of view of the engineer, 
is the ability of Monel Metal to resist 
corrosion. This property has led to 
the general adoption of the metal in so 
many fields, that to compile anything 
approaching a complete list would be 
very difficult. All that can be done is 
to indicate a few of the many such uses 
of the metal. It has been generally 
adopted for filtration equipment, and 
for pumps, meters and filling machines 
handling various fluids. Monel Metal 
is used in fresh water for automatic 
valves of sprinkler systems, in salt 
water for propeller shafting, in acid 
mine water as pump parts and in sew- 
erage systems for underground lad- 
ders. It is used for commercial laun- 
dry machines to withstand the action 








































































of alkalis, soaps and bleaches, and for 
textile machines to resist the various 
chemicals used in dyeing and bleach- 
ing. Oil refineries are large users of 
fine-mesh Monel Metal filter-cloth, 
forged plugs for Burton stills and 
pump rods for handling oil. 

The general usefulness of Monel 
Metal is made possible because it is 
equivalent in strength to steel. This 
property is essential for metal pickling 
equipment in steel mills, tiller rope in 
marine work and pump shafting in 
naval and mining usage. The strength 
of steel falls off to a greater extent 
than Monel Metal when subjected to 
high temperatures, and some steels of 
a type which resist corrosive action 
lose this property at temperatures at 
which Monel Metal remains _unaf- 
fected. Because of this fact, the 
metal is used for superheaters, spark 
plug electrodes and valves for internal 
combustion engines. 

In addition to retaining its strength 
at high temperatures, Monel Metal 
also successfully withstands the corro- 
sive and erosive action of superheated 
steam and accordingly finds extensive 
use in power plant equipment. It is 

(Concluded on page 198) 
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| The rolling mill transforms 
steel ingots into billets, fashions 
steel rails, armor plates and 
structural steel-and here iv 
the starting point for the thou- 
sands of labor and time-sav- 
| ing machines and the great 
engines of commerce. 





- Snagging. Amid a great 
_ pyrotechnic display, su- 
perfluous steel is re- 

_ moved from castings 

_ with marvelous speed 
i by means of grinding 
__. wheels and various types 
of grinding machines 




















The ponderous steel mill rolls, 
some 40 inches by ISfeet or 
larger and weighing aroun 
5 tons, are finished to me 
chanical perfection on giant 
Norton Grinoine Macnines 
over 50 tons in weight 
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high enough to make a corona are 
used the smoke and dust particles 
coagulate and collect on the electrodes, 
most of them going to the anode plate. 
This dust can then be periodically 
cleaned off the plate. 


Plictrons. 


Pliotrons are three element vacuum 
tubes used principally for radio trans- 
mission and reception. They range in 
size from the well known UX-199 dry 
cell receiving tube to the 100 K.W. 
transmitting tube. The circuits in 
which these tubes are used are varied 
and complicated, but they must be 
very carefully adjusted and regulated 
or the tubes will be ruined. ‘They are 
used as amplifiers of small currents 
and voltages, detectors of small alter- 
nating current voltages, and genera- 
tors of electric oscillation. In all of 
them the third element, the grid, is 
placed between the anode and cathode 
and is made of nickel, molybdenum or 
tungsten wires. The theory of its 
operation is simple. By impressing a 
negative or positive voltage on the grid 
the number of electrons reaching the 
plate can be greatly diminished or in- 
creased, and by this method small 
changes in grid voltage make large 
changes in the current flowing through 
the tube. 

Hundreds of thousands of the small 
UV-199 and UV-201-A receiving tubes 
are made annually. The large de- 
mand has warranted the designing of 
special machinery for making them, 
and their manufacture, as carried on 
in the incandescent lamp factories, 
employs methods somewhat similar to 
those used for lamp production. As 
the volume of the bulb is small and 
the electrodes are light, their exhaust 
is rapid and is made sure by the use 
of “getters.” : 
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Vacuum ‘Tubes 


(Continued from page 167) 


The transmitting tubes range from 
5 watts to 100 K.W. The 250 watt 
size was the first large type and was 
the tube used aboard ship when 
President Wilson made his famous 
trip to Europe following the war, 
during which he kept in constant 
communication with this country. 
This is the tube originally used in 
broadcasting and operates with a 2000 
volt plate circuit. The one and five 
kilowatt sizes are not in great demand, 
but the twenty kilowatt is now being 
used extensively in broadcasting. All 
but the latter have glass bulbs, while 
it has a copper water cooled anode 
attached to a glass insulation cham- 
ber. The one hundred kilowatt is 
similar to the twenty but is larger. 

A few comparisons between the 
UX-199 and the 100 K.W. are inter- 
esting. The latter has eight feet of 
filament which weighs about two 
ounces, enough tungsten to make 
750,000 UX-199 filaments. The tube 
is five feet long compared to three 
inches for the 199. 225 amperes are 
used to heat the filament, while the 
199 uses 06 ampere. 

The exhaust of these larger tubes is 
very difficult and all known methods 
for getting the gases from the glass 
and elements are used, such as bak- 
ing out in ovens, heating with high 
frequency currents, bombarding with 
direct currents, and _ oscillating. 
Wherever possible chemicals are also 
employed in the exhaust. 

Besides their use for wireless teleph- 
ony, and telegraphy three element 
tubes are used for signalling or talk- 
ing over power lines (carrier current), 
for voltage and current regulation of 
generators, for power limiting devices, 
for manometers, to determine very 
low gas pressures, etc. 
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Four element tubes, keno-pliotrons, 
which rectify their own current, and 
so can derive their power from the 
ordinary A.C. power line, have been 
made and probably will find extensive 
use in the near future. 


Photo Electric Cells. 


Photo electric cells do not depend 
on hot cathodes for their electron 
emission, but on the fact that the 
alkali metals under certain conditions 
give off electrons when light falls 
upon them. Their use is increasing 
rapidly for such work as signalling, 
sorting light from dark objects, trans- 
mission of pictures, etc. A standard 
type has a potassium hydride film de- 
posited on the inside of an evacuated 
bulb, which serves as the cathode of 
a two element tube. Light falling on 
this cathode causes electrons to be 
given off, the amount varying with the 
intensity of the light. These flow to 
the anode when a voltage is applied 
between the anode and _ cathode. 
Currents up to 1.5 milliamperes can 
thus pass through the tube when 
approximately 250 volts are used. 
This current can be made to operate 
relays or can be amplified through 
pliotrons and thus is capable of per- 
forming various duties. 

When one considers that all of the 
devices discussed, except the incan- 
descent lamp, have been developed 
within the past fifteen years, and that 
all are the result of pure scientific 
research followed by intensive devel- 
opmental engineering,” one wonders 
what may be in store for us during 
the next score of years. The results 
so far obtained are _ stupendous 
monuments to the men who were 
farsighted enough to supply the facili- 
ties for this wonderful work. 
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| HE TEST of an Engineering plan is its adaptability to the purpose 
| for which it was designed. 
_ Training for Institute work is an important engineering problem. The success 
of our many students after entering the Institute is due to their adaptability to 
| Institute requirements and proves the thoroughness of our methods. 


| CHAUNCY HALL SCHOOL | 


554 Boylston Street, Boston, Mass. 
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end of everything that’s care-free and pleasant. But 


[= mighty easy to think of Commencement as the 
don’t make that mistake. 


The cold, gray world after college isn’t so cold and 
gray to the fellow that tackles it in the right spirit. 


Of course, it isn’t going ic pay you a fat salary right 
at the start-off. That isn’t the way it does things. 
Instead, it is going to put you through a testing and 
seasoning process which will measure your grit and your 
stamina and find out whether you're a dependable 
performer. 


Once you’ve proved your dependability, you'll get re- 
sponsibility and with responsibility comes income. And 
remember this—you’'ll consider yourself an experienced 
and dependable engineer long before the world admits it. 
It’s that waiting period which will try your pluck, 


In the meantime build your reputation of top-quality 
materials. Team up with the best in every job you 
handle. Stand for, fight for the best materials, the best 
designs, the best construction methods. Don’t let your 
name get associated with second-bests, make-shifts and 
could-have-been-betters. 


It’s a great world. I’ve seen something more than a 
century of it and I know. And it wants you to make 


good. f 


Vitrified Paving 


FC 






PAVING ‘BRICK MANUFACTURERS ASSOCIATION, ENGINEERS BLDG., CLEVELAND, OHIO 


Commencement 
isn’t the end— 
It’s just the Beginning! 
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Automatic Temperature and Humidity Control 


Was one outstanding development, 
however, that made it possible for the 
user of controlling and recording in- 
struments to cut his investment con- 
siderably by the purchase of one in- 
strument to perform both functions. 
This was known as a_ Recorder- 
Controller and combined a Recording 
Thermometer with an Automatic 
Temperature or Pressure Control 
instrument. 


Like all radical developments it was 
looked upon at first as more or less of 
a “freak” but the trade soon began to 
recognize its value. To-day it is 
accepted as the standard instrument 
where a_ record of the controlled 
temperatures is required. 


The marked success of the Re- 
corder-Controller is due primarily to 
its design. Air-operated control is the 
most reliable for accurate work, but 
an air-operated Controller must be so 
designed that its co-ordinate parts 
function with the least amount of in- 
ertia, backlash, and lost motion. 
Heavy internal working parts do not 
necessarily mean accurately controlled 


(Continued from page 164) 


temperature, for as a chain is no 
stronger than its weakest link, so a 
recording or controlling device is no 
more accurate than the inertia and 
friction in its moving parts. 


The term “Automatic Temperature 
Controller” as applied to this class of 
equipment is misleading unless consid- 
eration is given to the temperature 
limits within which the process must 
be controlled. To the layman un- 
familiar with such equipment it would 
be easy to believe that any device 
called an Automatic Controller would, 
as the name implies, automatically 
control his process. But he must 
consider the accuracy limits of his 
own particular process and select such 
instruments as he knows will fulfill his 
requirements. 


Any reliable instrument manufac- 
turer will gladly demonstrate the 
merits of his equipment and the buyer 
may even make comparative tests. 
Many kiln and machinery manufac- 
turers are equipping their kilns, dry- 
ers, retorts, cookers, etc., with auto- 
matic controllers with the idea of re- 


lieving the purchaser of the responsi- 
bility of selection. This is as it 
should be; the more progressive man- 
ufacturers are furnishing the best and 
most reliable air-operated automatic 
controllers where accuracy of control 
within close limits is required. 

The emphasis in this article has 
been laid on temperature control, but 
the same principles are at work in the 
humidity controller, which may be set 
for a definite wet and dry bulb tem- 
perature and can be relied upon to 
maintain the required temperature 
and humidity. 


Emphasis has also been laid on the 
dry kiln application; but controllers 
are installed on all kinds of processes 
where it is necessary to control the 
temperature or humidity or both. In 
canneries, textile and paper mills, on 
creosoting retorts, tire vulcanizers, 
enamel ovens, galvanizing tanks, pas- 
teurizers, stills, coffee roasters and a 
hundred other places you will find 
controllers working for efficiency, 
lower costs and more uniform results. 


“He profits most who serves best.” 





upon publication. 








TECHNOLOGY BRANCH 


76 Massachusetts Ave., Cambridge, Mass. 


This is the place to which all Technology men instinctively 
turn when seeking technical and scientific books * *% #*# 


We have an arrangement with the three leading publishers of books along 
these lines to send us copies of all the new books they issue immediately 
The publishers we refer to are John Wiley and Sons 


Co., McGraw-Hill Book Co. and D. Van Nostrand Co. 


look them over. 





Technology Branch 





Our shelves are always open for your inspection and you are welcome to 


HARVARD CO-OPERATIVE SOCIETY 









TR ee 


Resists Corrosion 


IS picture, taken in the salt 
marshes near Kearny, N. J., 
shows two lines of 30-inch Cast Iron 
Pipe replacing pipe made of other 
material. The alternate exposure to 
the action of salt water and air is a 
severe test. 


While the pipe shown in the pic- 
ture is subjected to unusual corro- 
sive influences, all underground pipe 
must be able to withstand corrosion 
to a greater or less degree. Cast Iron 
Pipe has this quality. It does not 
depend on its coating to resist rust; 
the material itself is rust-resisting. 
The first Cast Iron Pipe ever laid is 
in service today at Versailles, France, 
after two hundred and sixty years’ 
service. 


THE CAST IRON PIPE PUBLICITY BUREAU 
Peoples Gas Bldg., Chicago 


CAST TRON 


Our new booklet, “Plan- 

ning a Waterworks 
System,” which covers 
the problem of water for 
the small town, will be 


PIPE | 


Send for booklet, **Cast 
Tron Pipe for Industrial 
Service,” showing in- 
teresting installations to 
meet special problems 
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Sent on request 








And for Grinding Service — 
manufacturers come confidently 
to Brown & Sharpe 


BROWN & SHARPE Universal Grinding 

Machine is shown above with a special set- 

up for grinding inner races for roller bearings. 

Production was speeded up by the arrangement 

and the result was a considerable reduction in the 
cost of grinding this piece. 

The entire set-up was designed and built by 
the Brown & Sharpe Grinding Service Depart- 
ment. Years of experience in handling all kinds 
of grinding enable this department to provide 
the most efficient and economical solution of 
the problems that are continually being brought 
to them. 

Manufacturers continue to use this service be- 
cause it saves them time and money. We are al- 
ways ready to furnish upon request, any informa- 
tion we have available regarding grinding and 
grinding machines. 




























A Universal Grinding 
Machine with the self- 
contained motor drive. 
This arrangement is of 
considerable conven- 
tence to the manufat- 
turer who prefers or 
requires a motor- 
ixsed machine, 





























BROWN & SHARPE MFG. CO. 
PROVIDENCE, R. L., U.S. A. 
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way as to key the crystals together to 
the best advantage. Cold working 
breaks up the crystal structure, and 
results in some hardening. 

When the wrought alloy is heated, 
these metallic compounds dissolve, 
and the sudden quenching probably 
precipitates them in an extremely fine 
state of division. The aging process, 
whether spontaneous or artificial may 
depend upon the agglomeration of 
these fine particles until they reach an 
optimum size, at which they will exert 
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Aluminum 


(Continued from page 184) 


the maximum effect in preventing 
inter-crystalline slippage. 

This theory is analogous to that 
advanced to account for the hardening 
which takes place when steel is heated 
and quenched. A_ fundamental dif- 
ference is that in the case of steel no 
hardening takes place until the critical 
temperature is reached at which alpha 
iron changes to the gamma _ form; 
carbon dissolves in gamma iron, but 
not in alpha iron. In the case of the 
strong aluminum alloys, however, 
there is no critical temperature. The 











Third and Binney Streets 


Sheet Metal Stampings 
HUMIDIFIER | 


FOR THE | 


HOME and OFFICE _ 


Hollow inside, large reservoir on each side, allows heated air to rise 
through water-soaked open weave wicks. 
Perforated Cover. 
Beautifully enameled in olive green. 
Circular sent on request. 


PETER GRAY & SONS, Inc. 


Manufacturers of Sheet Metal Specialties since 1878 








East Cambridge, Mass. 


















solubility of CuAly and Mg.Si_ in 


aluminum increases gradually as the 


temperature increases. ‘Therefore, 
some hardening results from heating 
to temperatures much lower tha 
940° F., followed by quenching. The 
maximum temperatures given should 
not be exceeded, lest some eutecti 
melt, which would damage the struc 
ture of the alloy. 

Strong alloys may be forged and 
drawn when heated to suitable tem- 
peratures. The products can then be 
heat-treated to develop the maximum 
properties. Strong alloys can be 
welded, but since the weld contains 
cast metal and since the adjacent 
metal has been annealed the weld can 
not be expected to possess maximum 
strength. Considerable strength can 
be restored by hammering the weld 
and adjacent annealed zone. 

These alloys resist corrosion by 
ordinary atmospheric conditions quite 
satisfactorily and need protection only 
in the case of thin, highly-stressed 
sections exposed to severe corrosive 
conditions. 

A well-known American railroad 
has constructed several passengei 
coaches in which all metal parts above 
the sills are aluminum or aluminum 
alloys. ‘These cars are several thou 
sand pounds lighter than steel cars of 
similar type and are expected to show 
very considerable savings in power, 
especially in the power required t 
start. Even greater reductions in 
weight are possible by using strong 
alloys in the construction of the 
trucks and under-frame as well. 

Street railway cars built very 
largely of aluminum alloys are in op- 
eration. The frequent starts to which 
heavy street-cars are subject are ver) 
costly from a power standpoint, and 
the possible saving due to lighter 
equipment makes this field a very 
promising one. 

Strong alloys of aluminum have 
made possible the construction of 
large dirigibles and of all-metal air- 
planes. In automobiles and railroad 
cars, light weight construction is de 
sirable. In aircraft it is essential. 
The growth of commercial aviation 
will surely open up great fields of use 
fulness for these alloys and for other 
which may be developed in the future. 

It has been said that our fathers 
lived in the age of steel but that our 
sons will live in the age of aluminum. 
If we really consider how closely this 
new-comer among the metals touche 
our daily lives, can we not say that 
that age has arrived? 
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American Gas 


Association 
What it is-What it is doing 
for American Industry — 


The object of the American Gas Association is to promote 

more and better ways of utilizing gas; 

—to assist the industries of America (and the public as a 
whole) in deriving to the fullest the numerous advantages 


inherent in gas; 


—to advance to the highest efficiency, methods of gas manu- 
facture, distribution and utilization; 


—to collect and disseminate information on these subjects. 


The American Gas Association 
was organized in 1918—and con- 
solidated with the American Gas 
Institute, and the National Com- 
mercial Gas Association. 


The membership includes 551 
Gas Companies, 21 Holding Com- 
panies, 428 Manufacturers of gas 
burning appliances, and 3,444 In- 
dividual memberships. Its activ- 
ities and interests extend to 
every state in the Union. 


The'sales of gas for the year 1926, 
officially reported to the Amer- 
ican Gas Association, amounted 
to 38 billion cubic feet more than 


YOU CAN DO IT BETTER WITH GAS 
«A EES em ome ene 





American Gas Association 
420 Lexington Avenue, New York City 


the amount sold in 1925. This is 
twice the increase in 1925 over 
1924—-making a total increase of 
40% in the last five years. 


This phenomenal increase in the 
use of gas is largely due to the 
growing demands from indus- 
trial customers. The American 
Gas Association has recently ap- 
propriated half a million dollars 
for research work and develop- 
ment of the industrial gas heat- 
ing business. 


Write to the American Gas Asso- 
ciation for information on what 
gas is doing for others in your 
line of business. 
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Monel Metal 


(Continued from page 190) 


used for valve seats, rods and discs, 
expansion joints, shafts, springs, 
turbine blading and other parts sub- 
jected to the action of superheated 
steam. The coefficient of expansion 
of Monel Metal is sufficiently close to 
that of steel to permit its use in con- 
junction with steel for parts controll- 
ing and directly subjected to the 
erosive action of the steam flow at 
superheat. 

Resistance to oxidation is another 


of the valuable properties of Monel 
Metal, and enables it to be used for 


Engineers and contractors know that 
BUFF performance is accurate and sure 
—without having to adjust the transit 
once. 

We will, on request, mail a 4-inch high 
Bas-relief of Nickel-silver—being an 
exact likeness of the “Engineer's Best 
Friend” —“the Buff Transit.” 


Write for the BUFF Catalog No. 20M 


Buff & Buff Mfg. Co. 
Jamaica Plain, Mass. 











lead-in wires in electric heating equip- 
ment. Strip heating elements for 
ovens and dryers are sheathed in the 
metal because of its resistance to 
oxidation and corrosion. Other uses 
include burner tips, pans, torch tips 
and special screens for burners in 
chemical work. In Europe, Monel 
Metal fire-box stay bolts are exten- 
sively used. Automobile timing de- 
vices make perfect contact under the 
high temperatures produced by arcing 
when made of Monel Metal. 


The resiliency of Monel Metal is 
called upon in its use for springs op- 
erating pump and radiator valves. 
The high resistance of the metal to 
fatigue and alternating stress is of 
value in connection with the resist- 
ance to corrosion and strength at high 
temperature. The hard, dense struc- 
ture of the metal enables it to with- 
stand abrasion and wear. 


Because of its low magnetic proper- 
ties, Monel Metal has been used to 
solve an operating problem where 
heavy copper cables highly charged 
must be passed over a revolving drum. 
Iron and steel rods were heated to 
redness in a few minutes by the in- 
duced magnetic currents. 


Low heat conductivity is also a 
property of the metal and has led to 
it being used for the doors of electric 
ranges, owing to the fact that it in- 
creases the thermal efficiency of the 
range. Electrical strip heating ele- 
ments make use of the metal because 
of its high electrical resistivity and 
freedom from corrosion. 


Monel Metal is produced at Hunt- 
ington, West Virginia, in the form of 
shot, ingots, billets, rod, sheets, strip, 
tubing, wire, forgings, etc. Castings in 
Monei Metal are made in numerous 
foundries throughout the United 
States and Canada. 


DISTINCTIVE IN QUALITY 


Made in patterns best suited to every class of work 


Cat. No. 11—Tapes and Rules 


SEND FOR 
Cat. No. 5—Tools 


NEW YORK 


May, 1927 


ANSWERS TO “ASK ME ANOTHER” 
QUESTIONS 


1. (a) Ascanio Sobrero, an Italian, 1846; 

(b) Alfred B. Nobel, a Swedish chemist. 

His patent for dynamite was granted 

in 1867. 

Blasting caps and electric blasting caps. 

Nitroglycerin. 

(a) Joseph A. Holmes. 

(b) Scott Turner. 

Sulphur, charcoal, and Chile saltpeter. 

6. Faster. 

A galvanometer or an ohmmeter-galvano- 

meter. 

8. Block-holing, snakeholing, and mud- 

capping. 

9. 17,500 feet a second. 

10. December, 1679, at Ottawa, Ill., by 

Father Hennepin, a French explorer. 

11. In parallel. 

12. Gelatin. 

13. Fulminate of mercury. 

14. Twenty-five pounds. 

15. (1) That the explosive is in all respects 
similar to the sample submitted by 
the manufacturer for test. 

(2) That detonators, preferably electric 
detonators, are used of not less effi- 
ciency than those prescribed, name- 
ly, not weaker than a No. 6 detona- 
tor. 
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That the explosive, if frozen, shall 
be thoroughly thawed in a safe and 
suitable manner before use. 
(4) That the quantity used for a shot 
does not exceed 11%4 pounds (680 
grams) and that it is properly 
tamped with clay or other non- 
combustible stemming. 
16. Ammonia dynamite, gelatin dynamite, 
straight nitroglycerin dynamite. 
17. The Explosives Engineer. 
18. FFFF, FFF, FF, F, C, CC, CCC. 
19. (a) James F. Callbreath. 
(b) H. Foster Bain. 
(c) Stephen §S. Tuthill. 
(d) J. R. Boyd. 
(e) Gen. R. C. Marshall, Jr. 
(f) W. S. Hays. 
20. The Moffat Tunnel, in Colorado, length 
6.19 miles. 
21. Squarely across (Not on an angle). 
22. Wood. 
23. By burning. 
24. Pennsylvania. 
Total consumption for 1926: Black 
Powder 29,517,125 lbs. 
Dynamite 47,918,261 Ibs. 
Permissible Explosives 33,565,470 
lbs. 
Dynamite. A free copy of a book entitled 
“Dynamite—The New Aladdin’s Lamp” 
can be obtained by writing to The 
Explosives: Engineer, Wilmington, Dela- 
ware. 
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Get work that you can respect, 


where they respect you. 


Technical Industry welcomes the men from 


professional schools; believes in the value of 


their training; expects much of them, but no 


more than they must expect of themselves. 


Some day you will come back—with every 


reason to be proud of yourself, we hope. 


THE TIMKEN ROLLER BEARING CO.,. CANTON, OHIO 


Sales engineering is broadening work, well rewarded. 
As an expert in your own line you come into intimate 
touch with the technical problems in many other lines. 
Applications are invited from men ambitious to employ 
their professional training in the industrial sales field. 
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Motor Fuels of the Future 


(Continued from page 163) 


until the refinery price for gasoline 
reaches 40 to 50 cents a gallon. 

“Synthol”.—“Synthol” is a name 
given by Franz Fischer to the liquid 
product he obtained from heating wa- 
ter gas at temperatures and pressure 
similar to those used in the methanol 
process, but in the presence of differ- 
ent catalysts. In the “Synthol” ex- 
periments the reaction chamber was 
of steel and contained catalysts pre- 
pared from iron and a solution of so- 
dium carbonate. “Synthol” is a mix- 
ture of alcohols, aldehydes, ketones, 
and acids with aliphatic hydrocarbons 
containing up to 8 or 9 carbon atoms. 
From the liquid product a motor fuel 
substitute was obtained having a dis- 
tillation range similar to gasoline and 
a heating value of 8200 calories per 
kilogram, which gave satisfactory per- 
formance in automotive engines. How- 
ever, the yields were low—consider- 
ably less than when pure methanol is 
obtained rer developed 
the process beyond the laboratory 
stage. His best yield was 0.84 gallon 
per 1000 cubic feet of water-gas, com- 
pared with 2.5 gallons of methanol ob- 
tained by Patart. Fischer and his as- 
sociates did not carry the “Synthol” 
work beyond the laboratory stage but 
turned their attention to the combina- 
tion of hydrogen and carbon monox- 
ide at atmospheric pressure from wa- 
ter-gas. 





Other Forms of Automotive Fuel 


A discussion of future automotive 
fuels would be incomplete without ref- 
erence to fuels other than those suit- 
able for the carbureter type of inter- 
nal combustion engine. Considerable 
experimentation is now going on in 
foreign countries in the use of gas 
producers operating with charcoal or 
special low temperature coke. Such 
equipment should receive special con- 
sideration in the future for operating 
motor busses, railway cars, heavy 
trucks and tractors. Road tests with 
charcoal gas-producers have shown 


fuel costs of from 1/6 to 1/8 that of 
gasoline in Europe. Likewise the 
Diesel engine, using heavy oils and 
coal tars, will probably come into use 
in heavy automotive vehicles and we 
may even see some form of steam 
engine with pulverized fuel combus- 
tion, or perhaps ultimately an inter- 
nal combustion engine using powdered 
fuel directly. 


Rival of Nicotine. Up to the pres- 
ent time, nicotine has been unrivaled 
as an insecticide. Yet, as a result of 
recent investigations conducted at the 
Bureau of Entomology it may have a 
serious competitor in the forms of an 
oil prepared from pyridine. 

Pyridine forms the essential part of 
nicotine and when combined with so- 
dium, forms a much more potent in- 
secticide than nicotine alone. 

Although no thorough investigation 
has been made of the ecohomic aspects 
of its production, it is thought possible 
to make it as cheaply as nicotine. The 
reason for this is that pyridine is an 
undesirable by-product of coal tar dis- 
tillation, and at present is largely 
wasted. The sodium may also be 
cheaply obtained. If the new prod- 
uct does nothing else it will at least 
bring down the price of nicotine. 


Modern Blasting does not fulfill 
the general idea of a shattering and 
violent explosion which rocks the 
earth and scatters debris in all direc- 
tions. Great skill is used in so dis- 
tributing the charge that the force of 
the explosion will be centralized at a 
point where it can do the most good, 
and the effect of the explosion can be 
accurately controlled. The blasting of 
rock for highway purposes is an ex- 
cellent example of this practice. The 
rock is lifted into the air in a well- 
defined mass by the force of the ex- 
plosion, and falls again to earth over 
its original position, from which it can 
be loaded for hauling to the crusher. 
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Trade-Mark Registered U. S. Patent Office 


Made of extra quality cotton yarn, carefully inspected, and guaranteed free from all imperfections of braid or 
finish. The colored spots are our trade-mark, used only with this quality. 
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Asbestos 


(Continued from page 188) 


are wound upon shutties and go to 
make up the woof thread of cloth. In 
the case of yarns to be used for pack- 
ings, brake linings, wire cloths, etc., 
the same machines twist a number of 
strands of fine copper or brass wire 
into the yarns. 

Asbestos fibre of spinning length 
is also used in the manufacture of 
high-grade insulating cements and as- 
bestos paper. Another grade of as- 
bestos fibre is specially selected and 
prepared at the mines for use in the 
manufacture of asbestos roofing felt. 
The finished asbestos felt is put 
through large vats, where it is thor- 
oughly impregnated with a _ water- 
proofing compound. It is then taken 
to the roofing machines and laminated. 
Another important use of this selected 
fibre is in the manufacture of 85% 
magnesia pipe covering and blocks. 
For these it is thoroughly mixed with 
pure carbonate of magnesia, molded 
into the desired shapes and dried. 


The grade of asbestos fibre known 
as medium is used in the manufacture 
of asbestos paper, millboard and air 
cell coverings. In the manufacture of 
asbestos paper, practically the same 
method is used as in making any other 
kind of paper. Medium-grade mill 
fibre is also used in asbestos wood and 
asbestos shingles. For these products 
the fibre is mixed with Portland ce- 
ment under pressure, then saturated 
with water and pressed in powerful 
hydraulic presses into the various 
shapes and thicknesses desired. It is 
allowed to season for several weeks in 
order that the cement may be fully 
set and cured before the products 
leave the factory. 


The short asbestos fibre is used 
principally in the manufacture of the 
cheaper grades of cement felting, 
where certain portions of clay and fibre 
are automatically fed from the mixing 
machines into hoppers and are 
weighed and packed in bags ready for 
shipment. 
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“What's the future 
with a large organi- 
zation?” That is what 
college men want to know, 
first of all. The question is 
best answered by the accom- 
plishments of others with 
similar training and like op- 
portunities. This is one of a 
. series of advertisements por- 
traying the progress at West- 
inghouse of college graduates 
off the campus some five— 
eight—ten years. Write for 
booklet reprinting the entire 
S€rleS. 


We Ong Ati 





He went in for instruments— 
with a vengeance! 


HEN H. P. 

Sparkes (Ala- 
bama Polytechnic 
’17) finished the En- 
gineering School at 
Westinghouse he 
went in for instru- 
ment design. His 
career since then has 
been punctuated 
with solid accomplishments. 


dispatched on an engincering trip abroad, 
visiting and working in England, Norway, 
Sweden, Denmark, and France. Upon his 
return he entered commercial work and 
was assigned to the Pittsburgh territory — 
(including such industrial centers as Cleve- 
land, Youngstown, Pittsburgh)—as spe- 
cialist responsible for the sales, service, 
and operation of watthour meters, in- 
struments, and relays in this important 
district. Here he will be found today, 


is best suited to commercial requirements. 

His own pioneering spirit has still found 
field for play, so that this year he demon- 
strated to the A.I.E.E. the first advance 
in the method of calibrating watthour 
meters in thirty years. Some 16,000,000 
tests of watthour meters are made in this 
country annually. They cost about zoc 
apiece. Sparkes has devised a practicable 
method that chops more than 50% off 
this bill. It eliminates the human element; 





H. P. SPARKES 





By the end of his fourth year here he 
had completed a thesis for his E.E. and 
had embodied the results of this thesis in 
an indicating watt meter—one of the 
largest in size ever built up to that day. 

Shortly thereafter, because of his special 
interest in the instrument field, he was 


acting as intermediary between the sales 
force on the one hand and the engineer- 
ing and factory departments on the other. 
He backs up the salesmen with a highly 
specialized knowledge. He advises with 
the engineers and with the factory in the 
design and manufacture of apparatus that 


Westinghouse 


it gives greatly improved accuracy. 

Thus his first ten years at Westing- 
house—and not unlike that of other col- 
lege men who bring with them, when 
they come here, energy, imagination, and 
the groundwork upon which to build 
superlative engineering proficiency. 
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minds of the leaders. Thorough 
grounding in the principles of the 
science was certainly a main object in 
founding the department of chemistry. 
No less important was the idea of re- 
search. 

In the long run this profound hope 
proved a most fruitful one although its 
fulfillment had to wait about a quarter 
of a century and the time of the found- 
ing of the Research Laboratory of 
Physical Chemistry. The unique po- 
sition and great influence of this lab- 
oratory in the United States has been 
clearly set forth in a bulletin published 
in 1923. 


The published results of researches 
in the laboratory now number two 
hundred separate papers. The range 
of topics is wide, including studies on 
the conductance of solutions of strong 
electrolytes, the conductance of fused 
salts, electromotive force measure- 
ments, a system of qualitative analysis 
for all of the elements, free energy of 
substances, thermodynamic properties 
of carbon dioxide and ammonia, and a 
thermodynamic temperature scale. 


(Continued from page 175) 


At the present time the researches 
in progress include studies on accu- 
rate freezing points of solutions of 
strong electrolytes, equilibria of gas- 
eous reactions, the equation of state 
for gases, melting points of organic 
esters, and the thermodynamic prop- 
erties of steam. 

For many years researches in or- 
ganic chemistry have been carried on 
at the Institute. In the fall of 1925 
a new impetus was given to this branch 
of the science when the Research Lab- 
oratory of Organic Chemistry was es- 
tablished under the leadership of Pro- 
fessor James F. Norris. Since 1919 
half a dozen rooms have been spe- 
cially equipped for work in organic 
chemistry and a _ widely diversified 
group of researches has been under 
way. ‘These include studies on the re- 
activity of groups in organic com- 
pounds particularly as influenced by 
structure and by solvent, oxidation of 
uric acid, the urea dearrangement, 
identification of pure organic com- 
pounds, diphenic acid and related 
compounds, the sulpho cinnamic acids, 


Departmental Notes 


and unsaturated hydrocarbons. Dur- 
ing the decade ending with the present 
Institute year, the researches carried 
out in the division of organic chemistry 
have been published in forty-three 
separate papers. 

Many members of the staff not in 
either of the research laboratories are 
engaged on problems of particular in- 
terest to them. ‘The studies include 
work on the nature of chemical union 
as represented by condensed acids and 
salts as phosphomolybdic acid, car- 
bonyls, and systems of acids, bases 
and salts in solvents other than water. 
Other researches are in progress on the 
structure of cyclic compounds, silicon 
compounds of valence lower than four, 
electro-deposition of chromium, the use 
of the Atwater respiration calorimeter, 
the analysis of gas, oil and food prod- 
ucts, certain phases of metallography, 
and methods in inorganic qualitative 
and quantitative analysis. From time 
to time the results of these researches 
are published in the chemical journals 
as contributions from the Department 
of Chemistry. 


automobile and airplane wires, 
electrical wires,submarinecables, 
bridge-building cables, wire rope, 
telegraph and telephone wire, ra- 
dio wire, round wire, flat wire, 
star-shaped and all different kinds of shapes of wire, sheet wire, piano 
wire, pipe organ wire, wire hoops, barbed wire, woven wire fences, 
wire gates, wire fence posts, trolley wire and rail bonds, poultry net- 
ting, wire springs, concrete reinforcing wire mesh, nails, staples, tacks, 


spikes, bale ties, steel wire strips, wire-rope aerial tramways. Illus- 
trated story of how steel and wire is made, also illustrated books 
describing uses of all the above wires sent free. 


AMERICAN STEEL & WIRE 


Sales Offices 


COMPANY 


Chicago New York Boston Cleveland Worcester Philadelphia Pittsburgh Buffalo Detroit Cincinnati Baltimore 
Wilkes-Barre St.Louis Kansas City St.Paul OklahomaCity Birmingham Memphis Dallas Atlanta Denver Salt Lake City 


Export Representative: U.S, Steel Products Co., New York 


Pacific Coast Representative: U.S. Steel Products Company, San Francisco, Los Angeles, Portland, Seattle 
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HOW MANY OF THESE QUESTIONS 
CAN YOU ANSWER CORRECTLY? 


HE following questions pertaining to explosives or to industries in which 
explosives are used should afford some pleasure and instruction for those 
who follow the popular indoor sport of “Ask Me Another”. 


The answers* to these questions are published in the May, 1927 issue of The 
Explosives Engineer magazine. 


Write us today for a free sample copy of The Explosives Engineer, and when it 
arrives see how many of your answers check with the ones given by the Editors. 





QUESTIONS 


. (a) Who discovered nitroglycerin. 


(b) Who invented nitroglycerin dynamite? 


. What blasting supplies should never be trans- 


ported or stored with explosives? 


3. What high explosive is a liquid? 
. (a) Who was the first director of the United States 


Bureau of Mines? 
(b) Who is the present director? 


. Whatare the three ingredients of blasting powder? 


. Does safety fuse burn slower, at the normal rate, or 


faster when tightly tamped in a bore hole? 


. What electrical instrument is used for testing elec- 


tric blasting caps and blasting circuits? 


. Name two of the three methods of blasting boul- 


ders. Name first the method that requires the least 
amount of explosive and the one which requires 
the most explosive, last. 


. What is the velocity of detonation of Cordeau- 


Bickford? 


. When, where and by whom was coal discovered 


in America? 


. What is the best connection for electric blasting 


caps when fired by a power circuit when ample 
current and voltage are available? 


. What type of explosive is the most water-resistant? 


. What is generally considered the best explosive 


ingredient for use in detonators? 


941 KING STREET, 


14. 


15. 


How many pounds of black blasting powder in a 
standard keg? 


Give the four conditions prescribed by the United 
States Bureau of Mines requisite for a Permissible 
explosive. 


. Name three types of high explosives commonly 


used for industrial purposes. 


. What magazine publishes a monthly digest of 


articles relating to drilling or blasting that have 
appeared in the technical press of the world? 


. What are the standard granulations in which black 


blasting powder can be obtained? 


. Name the secretaries of the following associations: 


(a) American Mining Congress. 

(b) American Institute of Mining and Metallurgi- 
cal Engineers. 

(c) American Zinc Institute. 

(d) National Crushed’ Stone Association. 

(e) Associated General Contractors. 

(f) National Slate Association. 


. What great railroad tunnel has recently been holed 


through ? 


. How should safety fuse be cut for insertion in 


a blasting cap? 


. Of what material should a tamping stick be made? 
. How should empty dynamite cases be disposed of? 


. What state consumes more explosives than any 


other state in the United States? 


. What explosive is referred to as “The New Alad- 


din’s Lamp’”’? 


(ome EAPERGSIVES. ENGINEER 


WILMINGTON, DELAWARE 


*Through the courtesy of the managing board the answers are also printed on page 198 of this magazine. 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASS. 


FO OTE 
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THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers 
Courses, each of four years’ duration, in Civil, Mechanical, Electrical and Aero- 
nautical Engineering; Naval Architecture and Marine Engineering; Mining En- 
gineering and Metallurgy and Geology; Architecture and Architectural Engin- 
eering; Chemistry, Chemical Engineering and Electrochemical Engineering; 
Biology and Public Health and Sanitary and Municipal Engineering; Mathe- 
matics, Physics, General Science and General Engineering; and in Engineering 
Administration. “These Courses lead to the degree of Bachelor of Science. 
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To be admitted to the first year class applicants must have attained the age 
of seventeen years, and must satisfactorily fulfill entrance requirements in Alge- 
bra, Plane and Solid Geometry, Trigonometry, Physics, Chemistry, English, 
History and French or German and two units of elective subjects. Examina- 
tions are required in all subjects except Chemistry, History and the electives, the 
requirements for which are fulfilled by the presentation of satisfactory certifi- 
cates. A division of these entrance subjects between different examination 
periods is permitted. 
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Entrance examinations are held at the Institute in September. In June 
applicants will be examined by the College Entrance Examination Board in 
Boston, New York, Philadelphia, Chicago and many other cities in America 
and Europe. A circular stating times and places is issued in advance by the 
College Board. 


Graduates of colleges and scientific schools of collegiate grade, and in gen- 
eral all applicants presenting satisfactory certificates showing work done at an- 
other college corresponding to at least one year’s work at the Institute, are ad- 
mitted, without examination, to such advanced standing as is warranted by 
their previous training. 
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Graduate courses leading to the degrees of Master of Science, Master in 
Architecture, Doctor of Philosophy, Doctor of Science and Doctor of Public 
Health are also offered. Special Research Laboratories of Physical Chemistry, 
Organic Chemistry, Applied Chemistry and Science have been established. 


Correspondence should be addressed to the Institute of Technology. 


PUBLICATIONS 


Catalogue; Bulletins of General Information, Summer Session, and 
Graduate Study and Research; and the Report of the President and the 
Treasurer. 
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Any of the above named publications will be mailed free on application. 
For information, address 
ADMISSIONS OFFICE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE A, MASS. 


mh = LSS SSS S30 


A MANORERINN NTE 














y ‘ing the Nation’s Press 


Brews the careful ‘scrutiny of the 
F 


ine Arts Commission, the Board 


of Engineers, the Building Inspector, _ 


various civic organizations,the District 


ne ‘Commissioners and Congress itself— 


the National Press Building is now 


being built in Washington, D.C.,as a 


; Moframent tothe Press, and to serve as 
| headquarters forthe National Press and 
ds an office building. 


Congress set aside the height limi- 


. tation of zoning laws by special act, 


so that the building could be of maxi- 
mum usefulness and still conform with 
the symmetry of the adjacent sky line. 

The financing of this undertaking 
has been vety impressive—$6,000,000 
worth of bonds were oversubscribed 
300% by a mighty response from 
every section of the countty. 


The elevator jnshalgation consists of set seven (7) Otis Geariess Traction Elevators with 
Unit Multi-Voltage Control and Car Switch operation at 450 feet per minute, six 
(6) of these elevators being used exclusively for passenger service and one (1) as a 
. Strvice elevator, "There is also @ small ONS room elevator and a sidewalk elevator 
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 Anyindustrialworker 4 
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7 nand is doing work that 7 

- Electricitycandofor _ 

- about 2cents anhour _ 
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More than 60 per cent:of the mechanical 
power used by American industry is‘applied’ 
through electric motors. But the: electrifi- . 
cation of the tasks performed by man power 
has hardly begun. Electric power not only | 
saves dollars; it conserves human energy for 
better purposes and raises standards of 
You witlHad ‘hia tosis living. College men and women may well 
Rauic eacibient: tthe consider how electricity can lessen the bur- 
a Gek die dens of industry and of farm and home life. - 
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